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THE  GRAIN  RUSTS:  THEIR  HISTORY  AND  NATURE, 
AND  MEASURES  TO  BE  USED  AGAINST  THEM 


Meddelanden  fr&n  Kongl.  Landtbruks-Akademiens  Experimentalfttlt 
Reports  from  the  Experimental  Field  x 

of  the  Royal  Agricultural  Academy)  9 “ 

Vol.  38,  l910Vpages  210-259  te*  Ernst  Hennin« 


Pucoinia  disperse  Erika .  &  Henn.,  no v. spec.  —  Brown  rust. 
Plat e8  X-XI,  Figures  119-123  l Not  reproduced  here]. 

umosia:  I.  Aecidium  Anchuaae.  —  Aecidia  circular  or 
elongated,  yellow-red ,  more  or  less  swollen  spotB,  formed 
by  preference  on  the  leaf  (blade  as  well  as  petiole)  and 
stalk,  but  also  on  the  calyx  and  seed-bud.  Spores  prickly, 
20-30  p  in  diameter  or  20-30  x  19-22  p. 

II.  Uredo  disperse.  —  Clumps  (pustules)  1-1.5  mm  long 
and  barely  1  mm  wide,  strewn  irregularly  over  the  whole 
surface  of  the  leaf  without  forming  continuous  fields,  brown 
(brown  ochre,  "sienna").  Spores  spherical  to  slightly  el¬ 
liptical,  prickly,  yellow,  19-20  p  in  diameter. 

III.  Puccini a  disperse .  —  Groups  of  spores,  covered  by 
the  epidermis,  forming  more  or  less  continuous  irregular 
black  borders  on  the  under  side,  rarely  on  the  upper  side 
of  the  leaf  blade.  Each  group  of  spores  divided  into  nume¬ 
rous  compartments,  each  compartment  surrounded  by  a  border 
of  brown  paraphyses  which  enclose  it  in  a  ring.  Spores 
short-stemmed,  for  the  most  part  long  and  claviform,  asym¬ 
metrical.  The  length  of  the  spores  40-50  p,  width  of  the 
basal  cells  12-15  p,  that  of  the  terminal  cells  14-19  p. 
Spores  germinating  as  early  as  autumn.  Sporocyst  develop¬ 
ing  on  the  promycelium  colorless. 

aiccatae:  I  [see  Note!.  Eriksson,  Fung,  oar,  scand.  18 
(Anchusa  arvensia.  Skine,  16  August  1881).  —  Syd.,  Ur&lx 


aagfl  arvensis.  Skane,  16  August  1881).  —  Syd.,  Uraii. 
f A.  arvensia.  Germany,  22  August  1891).  —  von  Thttmen, 
.  mvc.  oec,  267  (A.  arvensis.  Germany,  June  1874] }  452 
pffioinalis.  Denmark,  August  1876);  Mvo.  unlv.  230  (4*. 


-  1  - 


!  Germany ,  summer  of  1874) • 

[Note]  Only  those  aecidia  forms  are  included  here  which  occur  on 
Ancfausa  arvenals  and  A.  officinalis,  and  which  are  the  only  onea  that  can  be 
asserted  with  more  or  less  probability  to  belong  here. 

~  II  and  III.  Syd.,  Ured,  121  (II, III,  Bromus  mollis. 

~  '  Germany,  June  1889;  ?628  (il,  B.  Mollis.  Germany,  June  1892; 

7629  (II,  B.  aterilis.  also  on  sheaths,  Germany,  June  1892); 

7630  (II,  B.  tectorum.  also  on  sheaths,  Germany,  June  1892). 
—  von  Thttm.,  Herb . myc .  71  (II,  Triticum  vulgare.  Bohemia, 
June  1872);  72  (II, III,  Secale  cereale.  Bohemia,  June,  1872); 
Pung.Buatr.  784  (II,  Secale  cereale.  Austria,  July  1871); 

785  (il, ill,  Bromus  mollis .  Austria,  June,  1871)  (see  NoteJ. 

[Hots]  In  the  recently  published  fascicle  9  of  Eriksson,  pupg.nar. 
Scaad.  the  following  forms  of  this  species  appear:  417,  f.sp.  Secalifl  (II, 
Secale  cereale.  Exp.,  14  July  1894);  418,  f.sp.  Triticl  (  U,  Triticum  vulgare. 
Exp.,  13  July  1694);  419,  f.sp.  Agropyrl  (Exp.,  Triticum  repens.  II,  11  Septem¬ 
ber  1894);  HI,  18  September  1894);  420,  f.sp.  Bromi  (II,  Bromus  arvenala.  Exp., 
5  October  1894);  421  (II,  B.  brlzaef orals.  Berg.,  10  October  1894);  422  (II, 

B.  aecalinua.  Exp.,  13  July  1887);  423  (II,  B.  arduennensla.  Berg.,  27  August 
1891);  424  (III,  B.  raceaosua.  Exp.,  15  July  1885).  [The  same  number  contains 
14  numbers  (402-415)  of  Puccinis  grnminis.  1  number  (416)  of  P.  Phlei-pratensls. 
and  6  numbers  (425-430)  of  P.  glumarum.l  —tote  note,  18  September  1895. 

Host  Plants;  I.  Anchusa  arvensls  (Sk. — Exp.).  —  A,  officina¬ 
lis  (SkT^-Ppl..  Oster&ker.  5  August  1892;  B.J.  Hesselman). 

II  and  III.  Bromus  arduennensis  (Berg.,  II,  27  August 

1891) .  —  B.  arvensls  (Exp.).  —  B.  ‘patulua  (Berg.,  II,  23 
October  1891).  B.  sauarrosus  (Berg.,  II,  6  September 

1892) .  —  Secale  cereale  (Sm&l.  [see  Note],  lyckas-Upl. , 
Wattholma).  —  S.  montanum  (Berg.,  II,  23  October  1891).  ~ 

frisetum  flavescens  (BergT.  II,  27  August  1891;  6  September 
892).  —  Triticum  compactum  (Exp.).  —  T.  dicoccum  (Exp.). 

—  T .  Snelta  ( Exp . ) .  —T.  vulgare  (Exp.). 

[Mote]  In  the  rye  and  wheat  plots  of  the  experimental  field  of  the 
agricultural  institute  at  Copenhagen  this  species  was  found  in  the  greatest 
abundance  in  the  early  days  of  July  1892,  so  that  there  is  every  reason  to  as¬ 
sume  that  it  must  also  occur  in  Skane. 

Historical.  —  If  we  wish  to  get  from  the  descriptions  in  the 
available  literature  a  reliable  knowledge  of  whether  in 
each  case  the  brown  rust  (Puccinia  dispersa)  which  is  to  be 
discussed  here  or  the  yellow  rust  (P.  glumarum)  discussed 
earlier  or  perhaps  a  third  closely  related  species  is  the 
subject  of  the  description  in  question,  we  do  not  arrive  at 
complete  certainty  in  most  cases.  For  it  will  usually  be 
found  that  the  description  in  question  partly  fits  one  and 
partly  the  other  of  the  two  species  mentioned  above,  and 
this  la  quite  particularly  the  case  when  we  take  account 
not  only  of  what  ia  said  about  the  uredo  stage  but  also  of 
what  la  said  about  the  puocinla  stage.  The  difficulty  of 


forming  a  firm  conviction  in  the  question  before  us  from 
the  information  contained  in  the  literature  is  also  sub¬ 
stantially  increased  by  the  fact  that  it  is  not  yet  known 
whether  the  species  of  brown  rust  isolated  here  behaves 
in  exactly  the  same  way  when  it  appears  in  southern  coun¬ 
tries  as  it  does  in  this  country,  and  specifically  whether 
it  restricts  itself  there,  too,  to  the  leaf  blade  of  the 
cereal  species  attacked,  or  whether  in  milder  olimates  it 
can  also  occur  on  other  parts  of  the  host  plant. 


There  are  only  a  few  cases  in  which  we  can  identify 
our  species  of  brown  rust  confidently  from  the  descrip¬ 
tions.  We  encounter  the  first  case  in  Orsted,  who  in  186V 
describes  (1,100)  and  illustrates  (Plate  3,  Figures  2a,  3) 
a  form  occurring  on  the  blade  of  the  rye  leaf  that  has 
"somewhat  larger  and  more  oval  clumps  than  the  wheat  rust” 

(?  Puccinia  glumarum)  "scattered  all  over  the  blade  of  the 
leaf1 *  and  possesses  spores  that  are  "almost  oval  or  spher¬ 
ical."  There  is  no  doubt  that  Orated  is  concerned  here 
with  Uredo  disperse  itself,  even  though  he  assumes  that  it 
is  a  form  of  "grass  rust"  (Puccinia  gram inis)  which  in  at¬ 
taching  itself  to  the  rye  leaf  has  changedTthe  shape  of  its 
spores  while  retaining  its  color.  This  supposition  of 
Orated' s  led  Nielsen  (11,375)  in  1874  to  undertake  infec¬ 
tion  experiments  with  the  oval-spored  form  occurring  on 
wheat  stems  and  sheaths,  and  when  these  experiments  produced 
no  round-spored,  brown  uredo  form  on  the  rye  leaves  he  had  i 
inoculated,  the  next  year  (IV, 499, 518)  he  attributed  the 
round-spored  form  to  "wheat  rust,"  with  the  explanation  that 
this  latter  species  "forms  rounder,  scattered  spots  of  some¬ 
what  darker  color  when  it  occurs  on  the  leaves  of  rye,  rye 
grass,  etc."  No  special  infection  experiments  carried  out 
with  the  round-spored  form  are  mentioned  [see  Note]. 


Dlote]  Bolley'a  representation  of  the  species  Puccinia  "mhlgp-Twr** 
in  North  America  is  especially  noteworthy.  If  we  were  to  draw  any  conclu¬ 
sions  from  the  circumstance  that  in  1890  (III, 6)  he  includes,  as  he  had  done 
earlier ,  the  uredo  foros  of  both  Puccinia  graminls  and  P."rubigo— vera"  under 
the  nans  "red  rust,"  we  might  be  inclined  to  conjecture  that  the  American 
"nrtlfiq-TWft"  ««  really  the  P.  disperse  described  here,  if  not  a 
species  coinciding  with  it  in  color.  But  the  same  investigator  asserted  the 
year  before  (11,7)  that  the  wheat  in  Indiana  was  attacked  by  three  species  of 
rust,  which  he  called  Puccinia  gramlnis.  P.  coronata.  and  P. "rublgo-vera." 
of  which  the  "last  two  are  subepidenaal"  and  the  last  (11,12)  "the  most  de¬ 
structive."  The  conjeoture  suggests  itself  that  by  Puccinia  coron^  Bolley 
■ay  have  meant  our  P.  glum arum,  but  hardly  P,  disoersa.  If  this  oonjecture 
should  be  confirmed,  Puccini*  might  turn  out  to  be  the  most  important 

but  not  the  only  form  of  P, "rublgo-vera"  in  North  America. 


Ve  may  also  be  sure  that  it  must  have  been  Puccinia  dis¬ 
perse.  in  the  puccinia  stage,  that  de  Bary  (V,209)  naa  before 
him in  1865  when  he  performed  his  successful  experiments  of 


infecting  Anchusa  arveneie  (and  "it*  teleuto- 

sporee,  —  the  first  and  at  the  aaae  time  the  only  infection 
experiments  that  have  been  carried  out  to  our  knowledge  with 
teleutoepores  of  Puccinla  "rublgo-vera"  on  boraginaoeae . 

gtaag  9i  IteJttatgr 

1.  Uredo  Diapersa  on  Cereal  9eede.  —  Like  those  de- 
scribed  earlier,  this  uredo  form  can,  at  least  in  certairi 
years,  occur  on  the  seedlings  of  winter  sowings  even  before 
the  beginning  of  winter,  although  its  intensity  both  at  this 
time  and  later  in  the  spring  ana  summer,  at  least  in  the  vici¬ 
nity  of  Stockholm,  is  less  than  that  of  the  closely  related 
yellow  rust.  In  the  late  autumn  of  1691,  in  the  examination 
of  the  winter  sowing  field  on  23  and  24  October,  Uredo  disperse 
was  found  on  only  two  rye  plots  out  of  twelve  examined,  while 
at  the  same  time  Uredo  glumamm  was  found  on  all  (97)  wheat 
plots  and  about  half  tne  rye  plots.  It  is  not  impossible, 
however,  that  if  the  examination  of  the  plots,  which  at  that 
time  was  primarily  aimed  at  the  economically  far  more  import¬ 
ant  yellow  rust,  had  been  carried  out  with  greater  exaotnese 
thAw  was  actually  the  case,  several  other  plots  besides  the 
two  rye  plots  mentioned  above  would  have  been  counted  among 
the  brown  rust  victims. 

In  the  late  autumn  of  1892  Uredo  disperse  was  very  nu¬ 
merous  on  a  large  number  of  plots  of  both  rye  and  wheat.  At 
the  time  of  the  first  examination  on  6  October,  36  days  after 
the  sowing,  on  the  larger  experimental  field  traces  of  it  were 
found  on  three  rye  plots  out  of  a  total  of  thirteen  examined 
and  on  27 (-34)  of  91  wheat  plots  examined.  On  the  next  exami¬ 
nation  day,  17  October,  47  days  after  the  sowing,  it  was  found 
on  five  rye  and  42(— 49)  wheat  plots,  and  on  the  last  examina¬ 
tion  day,  7  November,  68  days  after  the  sowing,  on  three  rye 
and  53  wheat  plots,  the  number  of  plots  examined  being  the 
same  on  both  days  as  on  the  first  day. 

During  the  same  autumn  the  observations  were  made  some¬ 
what  more  often  on  a  smaller  experimental  field  which  was 
especially  arranged  for  observation  of  the  rust  forms  on  win¬ 
ter  wheat  and  which  contained  14  experimental  plots  sown  with 
13  different  varieties  of  winter  wheat.  On  this  field  spots 
of  brown  rust  were  found 
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It  is  the  most  obvious  assumption  that  these  uredo 
colonies  on  the  seedlings  originated  through  infection  by 
uredospores  from  the  neighboring  rust-infeoted  summer  plots, 


since  infected  summer  plots  were  present  in  great  abundance 
and  the  uredoapores  of  this  apeeies  of  rust  generally  show  a 
good  germinating  power.  But  if  we  assume  this  mode  of  origin 
it  is  difficult  to  explain  satisfactorily  the  long  delay  in 
the  outbreak  of  the  spots.  If  in  the  case  of  the  smaller  of 
the  two  experimental  fields  we  deduo  t  the  not  more  than  ten 
days  that  elapsed  from  the  time  of  sowing  until  germination, 
we  see  that  the  time  during  which  the  leaves  were  exposed  be¬ 
fore  the  8 pots  appeared  on  them  was 

19  days  in  25  *  of  the  oases 
25  "  *  17.8*  "  "  " 

57  •  *  14.3*  *  •  *  . 

This  time  is  surprisingly  long  when  we  compare  it  with  the 
approximately  10-day  incubation  period  that  we  found  in  arti¬ 
ficial  infection  experiments  with  this  uredo  form  indoors. 

This  long  delay  in  appearance  of  the  spots  in  the  field,  on 
the  assumption  that  the  sole  origin  of  the  spots  is  to  be 
sought  in  a  uredo  infeotion,  compels  us  to  assume  further 
that  the  cotyledons  had  been  attacked  by  the  infecting  uredo- 
spores  not  immediately  after  budding  out,  but  only  much  later. 
Such  absence  of  infection  in  the  first  weeks  appears  not  a 
little  strange,  however,  for  we  must  assume  that  the  supply 
of  infectious  material  at  that  very  time  is  incomparably  rich¬ 
er  and  the  prospect  of  a  successful  contagion  much  greater 
than  later.  We  can  therefore  hardly  avoid  considering  the 
question  whether  the  souroe  of  the  spots  is  not  in  greater  or 
less  part  other  than  that  assumed  above. 

Another  conceivable  explanation  would  be'  that  the  spots 
were  due  to  an  Aecldlum  Asuerifolil  nearby.  Tty*  probability 
of  such  an  origin  is  praotically  nil,  however,  since  that 
aecldlum  was  not  present  either  in  the  experimental  field  or 
in  the  vicinity,  although  boraginacea  such  as  Nonnea.  Anchusa, 
and  Svmphvtum  were  by  no  means  lacking  there. 

A  third  mode  of  origin  of  the  above  uredo  is  also  con¬ 
ceivable,  namely  infection  from  germinating  teleutospores. 
Grounds  for  this  supposition  could  of  course  be  found  in  the 
circumstance  that  such  spores  occurred  in  great  numbers  on 
leaf  remnants  left  lying  on  the  field  from  the  wheat  harvested 
shortly  before,  and  that  these  spores  are  capable  of  germinat¬ 
ing  throughout  the  autumn  and  late  autumn,  or  in  other  words 
at  the  time  when  the  winter  grain  is  sown  and  germinates.  On 
the  other  hand,  as  in  the  case  of  the  species  of  rust  described 
previously,  decisive  proof  of  the  existence  of  such  direot 
spore  infeotion  of  the  seedlings  is  lacking. 

There  is  also  a  laok  of  evidenoe  to  explain  these  uredo 
spots  —ui  fourth  possible  mode  of  origin  —  on  the  basis 
of  ft  contagious  B&ttrlftl  hidden  inside  the  seed  grain* 

Satisfactory  explanation  of  the  ooourrenoe  of  this  uredo 
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for®  on  the  seedlings  of  winter  grain  becomes  much  more  dif¬ 
ficult  in  places  where  there  is  not  such  a  multiplicity  of 
varieties  of  grain  ripening  at  different  times  as  there  in  in 
the  experimental  field  described  above.  Such  a  case  came  to 
our  notice  when  we  found  Uredo  disperse  as  well  as  Uredo  ,-lu- 
marum  on  rye  seedlings  that  were  sent  to  us  from  Ekeby,  near 
SSdertelje,  7  November  1892.  In  answer  to  our  inquiry  the 
sender,  Mr.  J.  Lundvall,  stated  that  neither  he  nor  his  neigh¬ 
bors  grew  summer  rye  or  summer  wheat,  that  the  nearest  summer 
wheat  field  was  about  1  l/3  kilometers  away  from  the  affected 
rye  field  and  separated  from  it  by  a  projecting  tip  of  wood¬ 
land,  and  that  while  Anchusa  arvensis  could  be  found  at  a 
distance  of  about  2000  feet  from  the  field,  it  had  no  detect¬ 
able  trace  of  rust  on  it  and  was  not  found  in  the  affected 
field  or  neighboring  fields.  These  reports  did  not  justify 
us  in  attributing  this  species  of  rust  either  to  a  grain  cul¬ 
tivated  in  the  vicinity,  which  might  have  been  able  to  been? 
the  fungus  in  this  uredo  form  in  the  late  autumn,  or  to  an 
Aecidlum  Asperifolli  occurring  in  the  neighborhood.  This 
leaves  only  the  assumption  that  the  disease  either  was  caused 
by  contagion  from  the  uridineae  of  wild  grasses,  e.g.  Bromus, 

—  an  assumption,  however,  which  is  not  very  probable,  since, 
as  will  be  shown  later  on,  there  appears  to  be  a  strict  spe¬ 
cialization  of  the  parasite  in  this  species  of  fungus  as  there 
is  in  others  [see  Note],  —  or  by  germinating  teleutospores, 
which  can  be  assumed  to  be  present  in  the  leaf  remnants  of  some 
neighboring  field  already  harvested,  or,  lastly,  that  it  had 
its  origin  in  a  disease  germ  hidden  inside  the  seed  grain. 

The  extent  to  which  it  is  justifiable  to  favor  one  or  more  of 
these  possible  explanations  must  remain  undecided. 

[Note]  According  to  the  new  Investigations  of  1894  (Eriksson,  V.315) 
the  fora  on  the  Bromus  species  does  not  appear  capable  of  infecting  cereal 
apecica.  — Late  note,  18  September  1895. 

In  order  to  learn  how  and  at  what  rate  this  uredo  form 
spreads  on  the  cotyledon  once  attacked  by  it,  on  7  October  1892 
we  had  five  wheat  plants  with  rust  on  the  first  cotyledons  dug 
up  from  the  field  and  transplanted  in  pots.  The  position  of 
the  colonies  was  observed  and  described  on  the  day  of  trans¬ 
planting  and  also  on  8  October,  9  October,  10  October,  11  Octo¬ 
ber,  13  October,  15  October,  and  20  October,  or  in  other  words 
daily  for  the  first  five  days  and  then  every  other  day  and 
finally  after  three  days.  The  results  of  this  study  of  one 
of  the  leaves  observed  for  13  days  may  be  seen  from  Figure  53 
[not  reproduced  here],  the  observations  of  the  first  3  days, 
however,  8-10  October,  being  combined  and  shown  in  the  same 
color  (red),  while  the  next  five  days  are  shown  in  a  different 
color  (green)  and  the  last  five  days  with  a  third  color  (black). 
The  yellow  color  shows  the  position  of  the  original  colonies 
on  the  first  day.  The  temperature  during  this  time  showed  a 
daytime  maximum  of  +4*5°  to  14.5°  and  a  low  at  night  of  +1.0° 
to  +9*0 °,  exoept  for  the  last  three  nights,  which  were  nights 
of  freezing  weather  with  lows  of  -2°  to  -7°. 
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If  we  study  the  data  for  these  five  leaves  we  see  that 
the  original  rust  spots  on  the  first  day,  7  October,  were 
present  in  the  following  number) 

3  on  leaf  number  1 
2  "  "  *  2 

6  ■  *  "3 

5  *•  »  "4 


Of  these  original  rust  3pots  only  one  proved  so  weak 
that  its  mycelium  could  not  generate  new  colonies.  The  cases 
were  also  rare  (only  two)  in  which  the  colony-generating 
capacity  of  the  mycelium  ceased  on  10  October,  i.e.  three 
days  after  observation  of  the  first  colony.  In  five  cases 
thin  capacity  lasted  for  eight  days,  and  in  eleven  cases  until 
the  end  of  the  period  of  observation,  or  thirteen  days.  In 
seven  of  these  last  eleven  cases,  however,  the  colonies  came 
into  existence  slowly,  so  that  in  coloring  the  illustrations 
either  red  or  green  or  both  were  unneeded.  Especially  in 
these  seven  cases  the  possibility  that  the  colonies  appearing 
later  came  from  a  new  and  separate  infection  is  very  great. 

For  it  is  quite  conceivable  that  in  the  cases  where  such  a 
long  time  as  nine  days  elapses  before  a  new  colony  is  added  to 
one  that  already  exists,  tlje  new  one  when  it  does  appear  is 
the  result  of  a  new  contagion,  or  in  other  words  that  its 
mycelium  possesses  no  real  genetic  relationship  with  that  of 
the  old  colony  beside  it. 

If  we  turn  to  the  original  data  on  which  the  summary 
given  above  is  based  we  find  that  after  the  reading  on  17  Octo¬ 
ber,  the  day  after  which  the  temperature  of  the  nights  began 
to  fall  balow  the  freezing  point,  a  new  colony  appeared  at  only 
one  place.  It  therefore  appears  that  in  this  case  cold  exerted 
a  considerable  inhibiting  influence  on  the  capacity  of  the  my¬ 
celium  to  form  new  colonleB.  From  the  time  when  tne  last  pre- 
cise  observation  was  done  on  20  October  we  have  only  notes  of 
28  October,  when  all  five  leaves  were  either  more  or  less 
withered  or  so  thickly  infected  with  Uredo  glumarum  and  U.  dis- 
oersa  both  that  an  exact  reading  was  no  longer  possible. 


Of  the  new,  independent  colonies  that  appeared  after 
the  first  day  of  observation  a  relatively  large  number  were 
not  accompanied  by  later  colonies  in  their  immediate  vicinity. 
This  was  true  in  13  cases  out  of  27  on  the  five  leaves.  It 
might  be  concluded  from  this  that  the  later  a  colony  appears 
on  the  autumn  seedling  the  weaker  the  oapacity' of  the  mycelium 
-to  generate  new  oolonies  and  the  earlier  that  capacity  comes 
to  an  end,  whether  an  end  for  good  and  all,  the  common  death 
of  the  mycelium  and  the  leaf,  or  only  a  winter  sleep  that  will 
yield  in  the  spring  to  a  new  period  of  vitality.  But  among 
the  remaining  14  oases  there  are  9  sure  and  2  less  sure  in 
which  the  myoelium  continued  for  10  days  to  develop  oolonies. 


u  s  t  (Percentage  of  Leaf  Surface  with 
ctober  IRust  Colonies  in  Comparison  to 
the  Satire  Surface  of  Leaves 
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How  much  the  number  of  colonies  on  all  five  leaveB  grew 
during  the  period  of  observation  and  how  great  a  part  of  the 
leaf  surface  was  covered  in  each  case  is  shown  in  Table  36 .  In 
computing  the  part  of  the  surface  covered  by  colonies  the  size 
of  each  colony  was  estimated  to  one  Bquare  millimeter,  and  as 
a  rule  decimal  fractions  were  omitted. 

It  will  be  seen  from  the  table  that  the  part  of  the  sur¬ 
face  of  a  leaf  that  the  fungus  gradually  took  up  during  the 
thirteen-day  period  of  observation  varied  widely,  quite  inde- 
pendent  of  the  apparent  original  energy  of  the  fungus,  but  that 
that  part  in  no  single  case  significantly  exceeded  one  quarter 
of  the  total  surface  of  the  leaf. 

From  what  has  been  said  it  will  be  seen  that  this  spe¬ 
cies  of  rust  even  in  the  state  in  which  it  appears  on  the 
seedlings  in  the  late  autumn  shows  definite  characteristics 
in  the  manner  of  its  occurrence  and  of  its  Bpread  that  differ 
from  those  encountered  in  similar  cases  with  the  uredo  forms 
of  black  rust  and  of  yellow  rust.  By  its  widely  separated 
colonies  and  the  relatively  insignificant  growth  of  each  colony 
Uredo  disperaa  reminds  us  of  U.  grarainis,  but  its  growth  re¬ 
mind  a  us  of  U.  glumarum  to  the  extent  that  it  finally  takes  up 
a  relatively  great  part  of  the  surface  of  the  leaf,  although 
this  goal  is  not  reached  by  the  direct  extension  of  a  single, 
originally  connected  colony  field,  as  in  the  case  of  the  yellow 
rust  uredo,  but  by  the  development  of  a  large  number  of  new, 
small,  independent  colonies  (Figure  53).  In  the  one  ®ase*  "JJJ* 
Uredo  glumarum,  the  cause  of  the  finally  great  expansion  of  the 


funrus.  almost  embracing  me  enure  , 

be  sought  essentially  in  an  inherently  «Teat^®v®1°Pme^aior>Rn 
energy  of  the  mycelium,  but  in  the  second,  with  Uredo  disperBft, 
primarily  in  a^reat  readiness  of  the  uredospores  to  germinate 
and  their  tendency  to  generate  new  centers  of  the  dJa®a?®; 
Apart  from  these  differences  between  the  two  foras  the  differ¬ 
ing  coloration  is  to  be  observed  that  is  characteristic  of 

i£  ~5r  of  Uni*  mraai 

ochre  when  it  appears  on  seedlings  —  chiefly  reminisoent  ox 
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U.  graminis  (Figure  1),  which  is  brown  ochre  in  color  —  while 
light  ochre  is  the  basic  color  of  U.  glumarum  (Figure  55). 

This  color  difference  of  the  three  forms  shows  up  best  when 
by  good  fortune  the  three  are  found  on  the  same  leaf  [sec  Note]. 

[Note]  Sometimes  on  seel  leaves  colonies  of  such  indefinite  yellow- 
brown  color  are  encountered  that  it  is  only  by  microscopic  examination  of  the 
spore-  that  it  is  possible  to  decide  whether  they  belong  to  Uredo  gramlnla  or 
to  U«  dispersa. 


2.  Hibernating  Uredo.  —  If  we  consider  the  question  of 
the  significance  that  this  uredo  on  the  seedlings  of  late  au¬ 
tumn  may  have  in  the  developmental  history  and  in  particular 
in  the  hibernation  cycle  of  the  fungus,  the  answer,  as  appears 
from  the  observational  data  presented  in  Table  37  below,  is 
that  this  significance  is  slight.  No  influence  on  the  early 
date  of  appearance  of  the  colonies  in  the  following  spring  or 
on  the  intensive  occurrence  of  the  fungus  at  that  time  can  be 
discovered.  Although  there  were  still  colonies  on  all  the  rye 
plants  listed  in  the  table  on  28-2 9  December  1891,  the  next 
spring  on  2  April  new  uredo  colonies  could  be  found  in  only 
one  case  (no.l).  It  was  not  until  about  a  month  later,  on  30 


Table  37.  Uredo  dispersa  in  the  Winter  of  1891-92  in  the  Experimental  Carden 
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c.)  Colonies  on  both  green  and  wilting  leaves. 


April,  that  colonies  were  found  in  two  other  cases  (no. 2  and 
no.6).  The  other  four  were  still  clean  on  31  May.  At  that 
time  two  of  the  cases  that  had  had  colonies  in  April  (no.  1 
and  no.  2)  were  also  clean.  But  this  again  affords  no  grounds 
for  inferences  as  to  why  the  new  oolonies  in  the  spring  could 
not  be  derived  from  the  colonies  visible  in  December.  Of  the 
seven  cases  that  had  rust  toward  the  end  of  December,  two 
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(no.  6  and  no.  7)  bore  the  rust  colonies  on  green  leaves,  but 
four  (no.  1  to  4)  on  wilting  leaves  and  one  (no.  5)  both  on 
green  and  on  wilting  leaves.  It  would  be  reasonable  to  think 
that  the  spring  uredo  would  have  to  appear  first  on  the  num¬ 
bers  that  already  had  colonies  on  green  leaves  in  December, 
but  such  was  not  the  case.  The  case  number  (no.  1)  that  was 
first  noted  as  rusty  in  the  spring  had  borne  its  colonies  on 
half-wilted  leaf  in  December,  and  in  two  of  the  numbers  (no. 

5  and  no.  6)  whose  colonies  were  on  green  leaves  in  December 
there  was  still  no  spring  uredo  on  31  Kay.  In  no  single  case 
was  it  possible  to  derive  the  sprin/x  uredo  colonies,  all  of 
which  were  on  fresh,  green  leaves,  from  the  mycelium  of  the 
autunn  uredo. 


b.  The  First  Generation  of  the  Fungus:  the  Promycelium  Stage 

1.  The  Time  of  Germination  of  the  Teleutospores.  — 
Because  of  the  successful  germination  and  infection  experiments 
carried  out  by  de  3ary  (V,208)  in  the  spring  of  1865  with 
hibernating  teleutospores  of  Puccinia  "straninis. "  which  is 
synonymous  with  P.  dispersa  here,  as  may  be  concluded  both  from 
the  description  given  by  him  of  the  progress  of  the  germina¬ 
tion  ("colorless  promycelium" )  and  from  the  positive  infection 
results  on  species  of  Anchusa.—  because  of  these  experiments 
de  Bary  (V, 213 )  reached  the 'conclusion  that  the  teleutospores 
of  this  species,  like  those  of  Puccinia  graninis.  "do  not 
germinate  until  after  hibernation . ^  He  did  note  that  in  the 
case  of  Aecidium  Asperifolii  "throughout  the  part  of  the  year 
that  is  not  cold,  from  spring  until  late  fall,  and  in  fact 
even  in  January,  all  developmental  stages  can  be  found."  In 
order  to  account  to  some  extent  for  this  phenomenon  —  a  phe¬ 
nomenon  whose  explanation  "at  the  time  was  no  more  possible" 
than  "that  of  the  annual  or  perennial  nature  of  other  plants" 

—  de  Bary  resorted  to  the  hypothesis  that  the  teleutospores 
which  Jive  through  the  winter  germinate  only  gradually  because 
of  the  thick  coverings  of  the  spore  colonies,  which  "gradually 
weather  away  in  the  course  of  the  summer,"  those  uncovered 
first  germinating  in  the  spring  and  the  others  later  in  the 
year. 

This  view  of  de  Bary's  is  found  in  the  works  of  nearly 
all  investigators  since.  Only  Nielsen  (VI, 47)  in  1877  and 
Plowright  (VI, 168)  in  1889  expressed  doubts  about  it.  The  for¬ 
mer  conjectures  that  these  spores  germinate  in  the  same  autumn 
in  which  they  are  formed,  Bince  Aecidium  Asperifolii  usually 
occurs  on  the  Boraginaceae  which  grow  among  the  rye  stubble, 
and  since  the  teleutospores  were  visible  as  early  as  the  be¬ 
ginning  of  June  on  the  underside  of  the  leaves;  and  he  has  a 
good  ground  for  his  conjecture  in  the  circumstance  that  he  had 
actually  observed  a  germination  in  the  teleutospores  of  a 
closely  related  species  of  grass  rust,  Puccinia  Poarum,  in  the 
autumn.  Plowright  hit  upon  a  Bimilar  conjecture  in  the  autumn 
of  1885.  He  had  laid  a  sheaf  of  rusty  wheatstraw  in  his  gar¬ 
den  in  August  in  order  to  have  usable  material  for  hie  experi- 
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3 tint, a  the  next  spring.  To  his  surprise  he  found  that  a  nearby 
Anchusa  that  had  never  been  rusty  in  earlier  years  bore  fully 
developed  aecidia  in  September  of  that  year. 

In  the  investigations  done  during  the  last  few  years 
at  the  experimental  field  to  find  out  the  time  and  conditions 
of  teleutospore  germination  of  this  species  it  has  been  found 
that  here,  at  least  in  material  taken  from  rye,  termination. 
au  will  be  seen  from  Table  38,  may  take  place  immediately 
after  the  complete  development  of  the  spores,  and  that  if  the 
spores  are  kept  in  a  protected  place  (barn,  room)  it  may  con¬ 
tinue  until  late  in  the  following  year. 


Table  38.  Germinating  Capacity  of  Puccinia  dispersa  from  Rye 
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It  appears  as  unnecessary  here  as  in  the  case  of  the 
teleutospores  of  yellow  rust  to  have  such  atmospheric  influence 
as  has  been  demonstrated  for  black  rust  in  order  to  arouse  the 
capacity  to  germinate.  How  this  may  be  with  that  form  of  Puc¬ 
cinia  dispersa  that  occurs  on  wheat .  on  the  other  hand,  cannot 
be  stated  with  certainty.  Oddly  enough,  the  germination  ex¬ 
periments  noted  with  these  teleutospores,  --  with  the  1892  crop 
of  spores  on  30  July  1892  and  8  May  1893*  and  with  the  1893 
crop  on  12  August,  13  August,  and  16  August  1893*  —  gave  a 
negative  result  without  exception,  whether  the  samples  were 
taken  from  the  laboratory,  from  tne  experimental  bam*  or 
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directly  from  the  field,  and  even  though  the  material  had 
lain  indoors  from  two  to  six  dnys  for  germination. 

2.  The  Course  of  Teleutospore  Germination.  —  It  is 
striking  that  the  teleutospores  of  this  species,  although  their 
color  is  not  essentially  different  from  that  of  the  teleuto¬ 
spores  of  yellow  rust,  nevertheless  show  a  very  characteristic 
difference  in  their  germination,  in  that  the  outthrusting  germ 
tube,  the  promyceliun.  in  this  case  possesses  a  content  almost 
as  clear  as  water,  with  very  little  turbidity  (Figure  120), 
while  the  content  of  the  promycelium  of  yellow  rust  is  very 
strongly  yellow  in  color.  When  it  first  protrudes  the  promy- 
celiura  is  relatively  thick  (Fir-ure  120  a).  Very  soon  it 
divides  and  branches,  and  its  lowest  member  often  grows  to  a 
considerable  length  without  further  dividing,  while  the  outer¬ 
most  members  segment  off  into  sporidia  which  are  also  color¬ 
less  (Figure  120  b).  Sometimes,  however,  the  promyceliurn  re¬ 
mains  very  short,  as  does  it3  base  member  (Figure  120  a). 

3.  Infection  Experiments  with  Puccinia  dispersa.  — 

From  the  description  given  us  by  de  Bary  (V,208)  of  the  course 
of  germination  in  the  infection  experiments  done  in  1865  with 
the  teleutospores  of  the  Puccinia  "straminis"  occurring  on 
Anchusa,  namely  that  "the  content  both  of  the  promycelium  and 
of  the  sporidia  is  always  colorless, "  we  may  draw  the  definite 
conclusion  that  de  Bary  in  his  experiments  was  dealing  with  a 
form  of  Puccinia  dispersa.  There  was  every  reason  therefore  . 
to  expect  positive  results  from  infections  with  this  particu¬ 
lar  species,  and,  as  Table  39  shows,  experience  confirmed  the 
correctness  of  such  an  expectation.  It  is  at  least  evident 
that  Bpermogonla  broke  out  on  both  species  of  Anchusa  after 
an  incubation  period  of  10-1$  days. 


Table  39.  Infection  Experiments  with  Puccinia  dispersa  from  Rye  on  Anchusa 
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Rotes:  1)  The  infected  plants  had  been  moved  from  outdoors  to  indoors 
on  12  September;  control  plants  moved  in  on  the  same  day  but  not  infected  stayed 
clean  the  whole  time.  —  2)  Even  after  21  days  no  aecidia  bad  appaared,  but  only 
spermogonia. 


The  Third  Generation  of  the  Funfoiai  the  Aecidium  Stare 

1.  Aecidium  AnchU3au.  —  It  is  remarkable  that  the  in¬ 
formation  that  appears  in  the  literature  concerning  this 
aecidium,  which  is  commonly  called  Aecidium  Asperifolii  but 
ougit  rather  to  be  called  Aecidium  Anchusae.  since  the  genus 
Anchusa  is  the  only  genus  of  Boraginaceae  from  which  or  to 
which  this  rust  has  been  artificially  transferred,  is  scanty 
and  as  a  rule  would  suggest  a  sparse  population.  In  1872 
Nielsen  (1,326)  writes  from  Denmark,  ‘'Although  the  family  of 
the  Boraginaceae  is  hardly  more  abundantly  represented  any¬ 
where  (in  Denmark)  than  in  southwestern  Zealand,  by  a  great 
number  of  individuals  of  e.g.  Echlum  vul/rare.  Anchusa  offici- 
nalis,  and  A._  arvensis. "  and  "although  Puccinla  straminis  oc¬ 
curs  very  destructively  there,  especially  on  wheat,"  wnever- 
the less,  Aecidium  Asperifolii  is  by  no  means  abundant,"  and 
"even  where  Anchusa  arvensis  occurs  one  must  often  search  long 
to  find  aecidia. " The  same  author  (V,38)  says  five  years 
later  that  in  Denmark  "Aecidium  Asperifolii  has  been  observed 
only  on  Lycopsis  and  Anchusa.  not  on  Echium,  etc.,"  and  that 
"where  Lycopsis.  which  is  relatively  rare,  occurred  in  somewhat 
greater. numbers,  rust  was  observed  on  a  few  plants  from  the 
beginning  of  June  on  until  August,"  and  lastly  that  "at  this 
time  nothing  was  found  on  Anchusa. "  which  may  have  been  very 
rusty  "later,  from  the  beginning  of  autumn  until  late  autumn, 
especially  beside  rye  stubole  and  in  its  vicinity." 

In  ie75  Ktflm  (11,400)  reports  from  Germany  that  "the 
formation  of  aecidia  may  have  dropped  out  of  the  cycle  of 
Puccinia  straminis.  which  has  done  the  greatest  damage  to 
wheat  (and  rye)  before  its  aecidium  has  been  seen  on  the  bora¬ 
ginaceae,"  and  Voss,  who  in  1878  (1,83)  says  he  has  searched  in 
Camiola  often  and  in  the  most  varied  places  on  Anchusa  and 
Lycopsis  for  aecidia,  explains  in  1889  (11,49)  tnat  such  aeci¬ 
dia  "havd  not  been  found  in  Camiola  on  those  plants,  and  on 
Pulmonaria  and  Symphytum  only  sporadically  aecidia  whose 
classification  as  Puccinla  rubl/ro-vera  has  not  yet  been  suc¬ 
cessfully  proved."  In  1882  Plowright  (II, 11)  writes  from 
England  that  "the  aecidium  of  Puccinla  rubigo-vera  is  very 
rare,"  and  that  he  had  "searched  for  it  several  times,  but  in 
vain,"  and  Smith  (1,181)  states  in  1884  that  this  aecidium  is 
"so  rare"  there  that  he  has  "never  encountered  it  during  his 
thirty  years'  study  of  fungi."  And  in  Finland  this  aecidium 
had  never  been  seen  up  to  1884,  according  to  Xarsten  (1,30). 

It  seems  to  be  the  same  in  other  continents.  From  Asia 
Barclay  (11,234)  reports  in  1891  that  "although  Puccinia 
rublgo-vera  in  India  as  elsewhere  is  the  common  species  of 
rust  on  wheat  and  barley,"  nevertheless  "no  boraginaceae  aeci¬ 
dium  is  known  there,"  and  that  although  "all  the  collections 
of  boraginaceae  belonging  to  the  Royal  Botanical  Garden  in 
Calcutta  have  been  searched  through,  not  a  single  suspicious 
leaf  was  to  be  found."  From  North  America,  Burril  (1,234) 
reports  in  1885  that  "in  Illinois  aecidia  have  been  seen  on 
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no  bcraginaceae  other  than  Mvor-otia  vema.”  the  aecidium  of 
which,  however,  he  explains  uni-er  the  name  Aecidluni  Mvosotidis 
as  a  separate  form  to  itoelf,  uid  Farlow  &  Seymour  (1,80)  in 
1880  know  no  aecidium  of  any  Ajiohusa  species  in  North  America. 
Finally,  in  Australia,  according  to  Cobb  (111,59),  189?,  "no 
aecidium  has  ever  been  observed  on  Ar.chusa  arvensis  and  l.chium. " 

It  is  only  from  Denmark  and  very  recently  that  a  report 
comes  to  us  of  the  abundant  occurrence  of  this  aecidium. 

Rostrup  (VIII, 65)  in  1893  says  that  the  aecidia  there  "some¬ 
times  occur  abundantly  on  L/cooais  arid  Aachusa. " 

As  for  Sweden,  it  sesras  that  here  too,  with  the  possi¬ 
ble  exception  of  the  most  southerly  part,  this  aecidium  form 
occurs  only  rarely  and  sparsely.  Only  a  few  finds  are  known 
to  us  from  the  area  around  Stockholm.  On  a  botanical  excur¬ 
sion  to  the  island  of  LidingUn  on  27  July  1892  we  observed  some 
twenty  individuals  of  Anehnsa  arvensis  growing  on  a  dry.  Sunny 
bank  of  a  ditch;  one  plant  among  them  had  on  one  single  leaf  a 
beginning  of  spermogonia  formation.  During  the  same  year  at 
StrengnSs,  inside  the  town  itself,  spermogonia  were  observed 
on  a  single  leaf  of  Anchusa  officinalis.  In  1893  this  form  of 
rust  occurred  very  sparsely  on  a  few  specimens  of  Anchusa  of¬ 
ficinalis  on  12  September  near  Alkistan  (Stockholm),  and  some- 
what  more  abundantly  on  self-sown  plants  of  Anchusa  arvensis 
in  the  experimental  garden  of  the  experimental  field,  where 
spermogonia  began  to  appear  on  8  August.  It  may  be  somewhat 
otherwise  in  the  southern  parts  of  the  kingdom,  especially  in 
Skane,  where  it  is  by  no  means  rare,  in  unharvested  fields 
of  potatoes  and  beets,  especially  the  former,  to  see  Anchusa 
arvensis  and  sometimes  also  A.  officinalis  covered  with  aecidia, 
often  in  great  numbers.  This  was  the  case  e.g.  in  the  environs 
of  KalmB  in  August  of  1891  and  1892.  In  1891  in  the  township 
of  Kyllie,  south  of  Malmb,  aecidia  were  observed  on  26  August 
on  young  plants  of  Anchusa  arvensis  that  had  been  free  of  them 
a  week  before,  and  also  on  19  August  not  far  from  the  Ystad 
railway  station  at  MalmU  on  older  plants  of  A.  officinalis, 
abundant  in  both  caseB.  In  the  former  place  on  the  edges  of 
a  ditch  nearby  Bromus  mollis  was  growing,  heavily  infested  with 
Pucninia  dlspersa  in  the  teleutospore  stage;  in  the  latter 
place  no  rusty  grass  could  be  3een  in  the  vicinity,  and  it  is 
also  worth  mentioning  that  the  numerous  specimens  of  Echium 
vulcare  that  were  growing  beside  the  rusty  Anchusa  were  quite 
intact . 

Besides  the  two  species  of  Anchusa  just  discussed,  the 
following  boraginaceae  are  mentioned  in  the  literature  as 
bearing  aecidia  and  are  found  as  such  in  the  ex3i^.catae: 

Anchusa  undulata  from  Germany  (Sydow,  Ured.  374),  Borneo  offi¬ 
cinalis  from  Silesia  (Schrbter,  III. 325).  Cerinthe  alpina  from 
T7F  Germany  (Winter,  1,218),  C.  aspera  from  Italy  Urb.crltto/r. 
896),  C.  minor  from  Hungary  (Sydow,  Ured.  280),  0ynofclos3um 
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officinale  from  (?)  Germany  (Winter,  1,218),  C.  virginicura 
from  North  America  (Farlpw  &  Seymour,  1,80),  Kchium  vulrare 
from  the  Carpathians  (Rabenhorst,  Fung.europ. .  new  edit., 

Series  2,  1036),  Heliotropium  curasaavicum  1  Aecidium  biforme 
Fk.;  Ae,_  Heliotropii  Tracy  &  Gall.  |  from  North  America 
low  &  Seymour,  1,80),  Lithospermum  arvense  rAecidium  Litho- 
a perm i  Thttm.j  from  Moravia  (Sydow,  Ured .  577 ) ,  Kvosotis  vema 
[Aecidium  Kyosotidls  Burr.)  from  Illinois  in  North  America 
(Burril,  1,234),  Nonnea  pulla  from  Siebenbttrgen  ( Linhart , 

Fung •  Hun/t . .  327),  Onosmodiu-i  csrolinianum  from  North  America 
(Far low  &  Seymour.  1.80).  Pulmonaria  officinalis  [Aecidium 
gulmonariae  ThOm.]  from  Silesia  (SchrSter,  111,325 )  and  Aus¬ 
tria  (Linhart,  Fung. Hung. ,  1600 ),  P.  stvriaca  from  Carniola 
(Voss.  11,49),  iitennanraaria  naritima  from  Jutland  (Rostrup, 

VII, 9),  Symphytum  bulbosum  from  Italy  (Saccardo,  Mvc. Ven. .  41), 
S.  officinale  1 Aecidium  Symphytl  Thtlm]  from  Silesia  (SchrSter, 
111,525),  Brandenburg  (Sydow,  Ured..  122),  and  Italy  (Saccardo, 
Myc. Ven. .  42),  and  S.  tuberosum  from  Carniola  (Voas,  11,49)  and 
Bavaria  (Allescher,  1,28). It  remains  to  be  found  out  by  ex¬ 
periments  to  what  extent  a  greater  or  less  number  of  the  bora— 
ginaceae  listed  above  are  or  are  not  concerned  with  Puccinia 
diapersa. 


2.  The  Course  of  Aecidiospore  Formation.  —  In  the 
germination  of  aecidiosporee,  which  in  general  takes  place  very 
readily  if  the  spores  contain  the  necessary  amount  of  moisture, 
a  thick  germ  tube  protrudes,  not  branched  at  first,  and  filled 
with  an  abundant  yellow  content  (Figure  123  a).  After  24  hours 
the  germ  tubes  have  generally  attained  a  length  several  times 
as  great  as  the  diameter  of  the  spores,  and  they  also  some¬ 
times  branch  out  at  the  tip  (Figure  123  b) . 

3.  Infection  Experiments  with  Aecidium  Anchusae.  — 
Because  of  these  spores'  generally  good  capacity  for  germina¬ 
tion,  a  relatively  large  number  of  infection  experiments  have 
been  carried  out  with  them.  The  material  for  these  experiments, 
which  are  summarized  in  Table  40  below,  was  taken  in  1891  and 
1892  from  rusty  plants  of  Anchusa  arvensis  that  we  had  had  sent 
in  from  Sk&ne,  since  this  aecidium  is  almost  completely  lacking 
in  the  neighborhood  of  Stockholm.  The  infection  experiments 

of  1893,  on  the  other  hand,  were  done  with  the  spore  material 
that  had  been  taken  from  the  rusty  specimens  of  the  same  bora- 
ginaceae  which  were  found  in  that  year  in  the  experimental 
garden  of  the  experimental  field. 

It  1b  very  remarkable  that  of  a  total  of  19  infection 
attempts  only  those  six  showed  a  positive  result  in  which  the 
infection  was  done  on  rye,  while  all  seven  experiments  done 
on  wheat  turned  out  negative .  not  to  mention  the  experiments 
on  barley  (three)  and  oats  ( three ) ,  which  were  without  success, 
Just  as  these  two  cereals  remained  unaffected  by  the  species 
of  rust  in  question  under  natural  conditions.  In  the  experi- 
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Table  40.  Infection  Experiments  with  Aecidium  Anchuaae  from  Anchusa  arrensla 
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4  l°/-3/*9j| _ 4  17  1  Secale  cereale  I  4  1 15  1  " _ If  1  .  I  .  I  .  I  4  I  ■  llO  Il2ll4 

Sotes:  1}  The  puccinia  stage  began  to  appear  15  days  after  the  infection.  —  2)  The  puccinia 
stage  began  to  appear  22  days  after  the  infection. 


ments  done  on  rye  the  number  of  positive  results  is  no  less 
than  38  out  of  a  total  of  41  infected.  The  number  of  infec¬ 
tion  spots  made  in  the  experiments  on  wheat  was  38,  all 
negative.  With  these  results  before  us  we  cannot  help  but 
assume  that  the  form  on  the  rvo  must  be  a  different  form  from 
that  on  the  wheat,  and  that  the  aecidium  of  Anchusa  arvenois 
belong  to  the  Puccinia  dispersa  of  rye,  but  not  to  that  of 
wheat . 


In  support  of  a  similar  view  of  the  aecidium  occurring 
on  Anchusa  officinalis,  namely  that  it  belongs  to  the  form 
occurring  on  rye,  we  have  the  results  of  an  infection  series 
reported  by  Nielsen  (V,37)  in  1877.  On  13  October  aecidio- 
spores  from  the  abovementioned  boraginaceae  were  transferred 
to  eight  wheat  and  twelve  rye  plants,  all  of  which  had  been 
raised  in  pots.  A  new  infection  with  new  fresh  spores  was 
carried  out  on  the  same  plants  on  the  16th  to  18th  of  the  same 
month.  On  the  twenty-sixth- numerous  uredo  colonies  appeared 
on  the  rye  plants  on  both  sides  of  the  leaf,  but  not  a  single 
colony  on  the  wheat  —  only  pale  spots.  On  1  November  the 
first  two  leaves  of  all  the  rye  plants  were  thickly  covered 
with  colonies,  but  the  wheat  was  still  rustfree,  with  the 
white  spots  dying  out. 

As  against  the  specialization  assumed  here  it  may  be 
pointed  out  with  respect  to  the  aecidium  on  Anchusa  arvenals 
that  Plowright  (VI ,168)  perceived  the  rust  on  AnchuBa  plants 
in  his  garden  for  the  first  time  after  he  had  spme  time  be¬ 
fore  laid  a  sheaf  of  rusty  wheat straw  in  their  vicinity,  and 
with  respect  to  the  aecidium  on  Anchusa  officinalis  firstly 
what  Nielsen  (V,37)  adds  immediately  after  the  description  of 
the  infection  series  just  mentioned,  namely  that  "there  was 
better  success  with  somewhat  older  wheat  plants"  —  though 
without  describing  in  detail  any  specific  experiments  at  all 
—  and  secondly  the  circumstance  that  in  one  of  our  infection 
experiments  described  above  (Table  39*  no.  2)  after  the  in¬ 
fection  transferred  from  rye  only  spermogonia  and  no  aecidia 
appeared . 

The  Incubation  period .  which  according  to  de  Bary  (V, 
209)  runs  6-8  days  and  according  to  Nielsen  does  not  exceed 
13  days,  ran  in  the  experiments  noted  in  Table  40  between  7 
and  18  days. 


d.  The  Third  Generation  of  the  Fungus:  the  Uredo  Stage 

1.  The  Time  of  Occurrence  of  the  Uredo  Stage  and  Its 
Varying  Intensity.  —  In  regard  to  the  time  of  first  occur- 
rence  of  the  uredo  in  the  spring  and  to  the  intensity  that 
this  species  of  rust  develops  in  the  course  of  the  summer, 
investigations  have  shown  varying  results  in  different  years, 
just  as  in  the  case  of  the  species  of  rust  discussed  previous¬ 
ly.  During  the  first  year  of  observation  (1890)  it  appears, 

—  to  judge  by  the  relatively  somewhat  scanty  notes  of  that 
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Table  41.  Uredo  and  Puccinla  dispersa  on  the  Cereal  Species 
of  the  Experimental  Field  in  the  Summers  of  1890-1893 


time,  when  no  adequately  sharp  distinction  between  the  forms 
had  been  made,  —  that  this  sp  cies,  as  shown  on  Table  41, 
appeared  in  the  experimental  field  or.  31  June  in  at  least  one 
rye  plot,  and  six  days  later  on  six  rye  and  thirty  wheat  plots, 
and  by  the  end  of  the  month  it  had  reached  such  extent  ar:d  in¬ 
tensity  in  at  least  two  rye  plots  that  —  if  we  distinguish 
two  degrees  of  rustiness  in  this  species  of  rust,  namely  1  = 
slightly  rusty,  2  =  severely  rusty  —  the  degree  of  rustiness 
could  be  assessed  as  2.  The  next  year  (1891;  this  uredo 
appeared  in  the  experimental  gtirden  4  May,  but  in  the  experi¬ 
mental  field  not  until  7  JuLy,  in  both  cases  on  rye,  while  on 
the  latter  date  nothing  could  be  detected  on  the  wheat  of  the 
experimental  field.  It  was  not  until  the  beginning  of  August 
that  the  degree  of  rustiness  reached  2  in  two  rye  plots,  and 
only  then  did  the  wheat  form  begin  to  appear  in  all  the  wheat 
plots. 

The  year  1892  appears  to  have  been  a  favorable  year  for 
this  species  of  rust.  In  the  experimental  garden  it  was  ob¬ 
served  on  rye  as  early  as  2  April,  and  in  the  big  experimental 
field,  where  rye  plots  and  wheat  plots  were  interspersed,  it 
was  found  on  the  same  day,  15  June,  on  both  rye  and  wheat,  but 
obviously  further  developed  on  the  rye  than  on  the  wheat,  for 
more  than  half  the  rye  plots  were  already  infected,  one  of 
them  severely, while  a  considerable  number  of  the  wheat  plots 
showed  only  a  trace  of  rust.  Still  earlier,  on  4  June,  it  had 
appeared  in  smother,  smaller  experimental  field  exclusively 
planted  with  wheat,  in  at  least  half  the  winter  wheat  plots. 

The  year  1893  is  very  peculiar.  While  this  species  of 
rust  was  found  very  early,  on  11  April  in  one  rye  plot  and 
on  19  May  in  one  wheat  plot,  it  did  not  really  get  under  way 
until  July.  Despite  a  long  standstill  it  finally  reached  such 
strength  that  this  year  more  than  any  previous  one,  to  judge 
by  the  observations  made  at  the  experimental  field,  may  be 
characterized  as  a  real  brown  rust  year.  By  29  July  most  of 
the  winter  rye  plots  were  as  much  infested  as  they  can  be  by 
this  species  of  rust,  and  on  10  August  it  was  the  same  with 
the  winter  wheat  plots.  On  the  summer  rye,  a  grain  that  had 
not  been  cultivated  on  the  experimental  field  in  previous 
years,  it  appeared  for  the  first  time  on  10  July,  and  exactly 
a  month  later  it  had  seized  possession  of  all  the  leaves  pre¬ 
sent  in  all  plots  of  this  grain.  Finally,  it  got  its  hold  on 
the  summer  wheat  somewhat  later,  from  the  middle  of  July  until 
the  middle  of  August. 

2.  Non-Simultaneitv  on  Different  Cereal  Species,.  -- 
What  has  just  been  said  is  sufficient  to  raise  the  question 
whether  there  exists  such  a  substantial  lack  of  simultaneity 
of  brown  rust  forms  on  the  various  species  of  grain,  and  on 
winter  grains  and  summer  grains,  as  we  found  earlier  for  the 
different  forma  of  blaok  rust  and  yellow  rust.  The  conjecture 
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that  such  a  non-simultaneity  might  exist  was  formed  in  the 
year  1891,  the  first  year  In  which  the  relevant  time  observa¬ 
tions  could  lay  claim  to  any  groat  \aluc;  in  that  year  on 
7  July  two  rye  plots  out  of  seven  wit c  found  to  be  infected, 
while  at  the  same  time  not  a  single  spot  could  be  found  on  a 
single  one  of  the  41  wheat  pluto  examined.  Still,  the  obser¬ 
vations  of  that  year  do  not  afford  absolute  certainty  in  that 
question,  since  a  whole  month  passed  from  the  first  (74  April) 
to  the  second  (75  May)  observation. 


In  1892  the  observations  are  more  frequent,  and  the 
question  for  that  reason  is  better  elucidated,  at  least  as 
concerns  the  forms  of  winter  wheat  and  winter  rye  in  compari¬ 
son  with  each  other.  The  two  forms  show  a  definite  time  dif¬ 
ference,  both  as  to  the  first  appearance  and  as  to  the  real 
height  of  the  season.  That  time  difference  hardly  shows  up 
if  we  compare  the  rye  of  experimental  field  I  with  the  wheat 
of  exoerimental  field  II}  in  fact  the  form  in  question  is 
actually  noted  earlier  in  the  wheat  plots  of  the  latter  than 
in  the  rye  plots  of  the  former;  but  it  shows  up  all  the  more 
decisively  when  we  compare  the  rye  and  wheat  plots  of  experi¬ 
mental  field  I  with  each  other  that  were  located  together  in 
the  northern  part  of  the  field.  The  figures  of  Table  47  give 


Table  42.  Time  Difference  in  Appearance  of  Uredo  disperse  on  Plot3  of  Winter 
Bye  and  Plots  of  Wintez*  Wheat  in  the  Summer  of  1892 
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Note:  1)  Two  of  these  plots  were  planted  with  the  variety  "Michigan  Bronze," 
which  had  been  almost  completely  destroyed  by  yellow  rust  before  the  brown  ruat 


appeared. 
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some  indication  of  this,  for  on  15  June  no  fewer  than  seven 
plots  of  rye  (out  of  twelve)  were  irfected,  one  severely,  while 
on  the  same  day  and  even  14-17  lays  liter  (part  of  the  wheat 
plots  were  examined  on  29  June  and  the  rest  on  2  July)  only 
two  plots  of  wheat  (of  some  forty)  showed  a  trace  of  this  spe¬ 
cies  of  rust,  hot  until  12  July,  or  almost  four  weeks  after 
the  first  appearance  of  the  species  on  rye,  was  its  occurrence 
noted  as  a  trace  on  a  somewhat  larger  number  of  plots  of  wheat, 
and  it  is  to  be  noted  here  particularly  that  of  these  fourteen 
only  five  were  situated  in  the  northern  part  of  the  experi¬ 
mental  field,  where  plots  of  rye  and  wheat  were  adjacent.  The 
other  nine  wheat  plots  were  further  removed  from  the  infested 
rye.  Even  on  18  July  the  number  of  rusty  plots  of  wheat  had 
grown  only  insignificantly,  from  14  to  19,  and  of  the  addi¬ 
tional  ones  only  two  lay  immediately  adjacent  to  rusty  plots 
of  '-'heat. 

The  difference  becomes  still  plainer  when  we  investi¬ 
gate  how  those  plots  of  wheat  behaved  that  were  close  bes  Lde 
the  plots  of  rye,  either  so  that  the  plots  planted  with  dif¬ 
ferent  grains  touched  at  the  sides  or  else  at  the  corners.  This 
is  shown  in  Table  42-.  If  we  count  from  the  first  day  when  the 
rust  showed  up  on  the  rye  to  the  first  day  when  it  was  observed 
on  the  neighboring  plot  of  wheat,  we  find  a  time  difference  of 

45  day 8  in  14  cases, 

31  "  *  "  19  " 

28  "  "  3  » 

27  w  "  20  " 

18  "  "  3  " 

16  "  "  7  " 

10  "  "  9  " 

6  "  "  5  » 

but  among  these  contiguous  plots  of  rye  and  wheat  it  is  noted 
in  onxy  five  cases  that  the  brown  rust  showed  traces  in  both 
kinds  of  plots  on  the  same  day. 

But  a  non-simultaneity  also  seems  to  show  up  if  we  com¬ 
pare  winter  grain  and  summer  grain  with  each  other.  In  the 
summer  of  1892  this  uredo  form  was  noted  for  the  first  time 

on  4  August  on  2  plots  of  summer  wheat, 

on  9  August  on  another  2  "  "  "  " 

on  24  August  "  "  7  "  "  "  " 

on  29  August  "  "  2  "  "  "  "  . 

The  first  of  these  observations  was  made  23  days  after  that 
of  12  July,  when  the  same  species  of  rust  had  taken  possession 
of  14  (out  of  41)  plots  of  winter  wheat.  In  1893  we  thus  find 
a  difference  of  about  two  months  in  the  first  appearance  of 
this  species  of  rust  on  wihter  and  summer  grain  and  a  differ¬ 
ence  of  about  three  weeks  in  the  height  of  the  season.  As 
summer  rye  was  grown  in  the  experimental  field  only  the  last 
summer  (1893),  the  data  for  answering  the  question  os  to  whe¬ 
ther  there  is  a  time  difference  for  brown  rust  between  the 
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winter  and  summer  varieties  of  this  cereal  are  quite  scanty 
in  numbers.  But  these  few  feta  point  toward  a  time  diffc-ence 
of  about  two  months  in  the  i'ir.'t.  up.  earance.  One c  the  rust 
had  begun  to  show  up  on  the  sum  tier  rye ,  it  developed  such  a 
great  rapidity  of  spread  that  tec  difference  in  the  greatest 
incidence  was  only  slight. 

3.  Germinating  Cb,r>acity  of  the  Uredospores.  —  As  a 
rule  the  uredospores  of  this  species  show  a  .mood  gorrairnt  nr. 
capacity,  from  the  beginnin/;  of  spring  until  late  in  the  au- 
tumn.  Ordinarily  the  germ  tube  issues  from  only  one  of  the 
germ  pores,  and  is  abundantly  supplied  with  a  yellowish-red, 
grainy  content,  somewhat  darker  than  in  the  case  of  Uredo 
glams rum:  it  usually  branches  into  numerous  branches’ ( Figure 
115).  At  the  tips  of  these  branches,  however,  the  content  is 
colorless. 

4.  Infection  Experiments  with  Uredo  dispersa.  —  The 
infection  experiments  done  with  the  uredospores  of  this  spe¬ 
cies  are  summarized  in  Table  43. 

The  results  of  these  infections  point  in  the  same 
direction  a3  the  previously  mentioned  infection  experiments 
with  accidiospores  of  Aecidiun  Anchnsae  and  the  observations 
concerning  non-simultaneity  of  the  forms  occurring  on  rye  and 
wheat.  These  results  lead  us  to  view  these  forms  as  biologic¬ 
ally  distinct.  Of  all  the  experiments  that  were  carried  out 
with  spore  material  taken  from  rye,  not  a  single  one  of  those 
done  on  wheat  —  although  there  were  six  of  these  experiments 
with  more  than  thirty  infection  points  —  resulted  in  the  ap¬ 
pearance  of  colonies,  while  on  the  other  hand  the  two  experi¬ 
ments  done  on  rye  plants,  with  a  total  of  only  ten  infection 
points,  had  a  positive  result  in  nine  cases.  These  experi¬ 
ments  taken  together  thus  give  well-founded  cause  for  setting 
up  a  f.sp.  Secalis  as  a  specialized  form  of  the  species  Puc- 
cinia  dispersa. 

On  the  other  hand  the  results  of  the  infection  experi¬ 
ments  carried  out  with  material  taken  from  wheat  are  less 
clear.  The  experiments  were  less  numerous  in  this  case,  only 
three  in  fact,  and  in  one  experiment  there  were  uredo  colonies 
on  rye,  too,  in  two  infection  points.  It  is  very  easily  pos¬ 
sible  that  this  result  is  the  consequence  of  an  impurity  of 
the  material,  since  in  one  of  these  experiments  (no.  11)  that 
was  infected  with  this  material  colonies  developed  that  looked 
very  like  Uredo  /^luntarunw  while  in  ‘the  second  (no.  1^)  out  of 
eight  colonies  two  or  perhaps  three  contained  both  yellow  rust 
and  brown  rust  (Figure  69) «  JJince  tr.c  infectious  mo tcrial 
was  thus  demonstrably  a  mixtur'  :>f  fc;  o  two  iorras  U, r y  ■  l o_g , liS 2 *111! 
f.sp.  Tritici  and  U.  dispersa  from  wheat,  we  are  justified  in 
the  assumption  that  the  material  might  have  contained  dis¬ 
persa  f.sp.  Secalis  from  the  beginning  as  well,  especially  as 
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Table  43.  Infection  Experiments  with  Uredo  Dispersa 


this  form  was  at  its  hoi'ht  at  about  this  time  on  the  ry:  and 
was  not  farther  than  30-5S  meter:,  frc-r.  the  experimental  riot 
fror.  which  the  experimental  :..&-..ori«l  •..tig  taken,  further’  in¬ 
fection  experiments  are  neei.-d.  to  decide  vhethrr 

such  an  assumption  aa  the  active  is  correct.  As  things  now 
stcnl  grounds  sire  certainly  not  lacking  for  setting  up  a  f.sp. 
Trl :  oi  within  the  species  P"e-..;.:.ia  dispersa  as  specialised. 

L hie m  Note.] 

[Note]  Later  observations  coruernins  too  specialization  of  this  spe¬ 
cies  nave  been  reported  on  the  basis  of  new  experinonts  in  1694  (hrikaron  V, 

— Late  note,  18  September  1895. 

e.  Tie  Fourth  Generation  of  the  Funmis:  the  Puccinia  State 

That  the  speed  of  development  of  this  fungus  is  great 
may  be  concluded  merely  from  the  fact  that  de  Eary  (V,?10)  in 
his  infection  experiments  with  aecidiospores  of  Anchusa  arven- 
sis  started  on  18  June  1365  was  able  to  generate  teleutospores 
early  in  July.  Another  indication  of  the  same  thing,  in  Niel¬ 
sen's  infection  experiments  in  1875  with  Aecidium  Asperifolii 
on  rye,  is  the  appearance  of  teleutospores  on  the  twenty-third 
day  after  the  inoculation  (23  August). 

The  same  thing  is  shown  by  the  observations  on  our  ex¬ 
perimental  field.  The  puccinia  stage  was  observed  in  1890  on 
rye  in  the  field  on  19  June,  just  six  days  after  there  had 
j  come  to  be  reason  for  supposing  that  that  plot  harbored  uredo, 

-j  and  it  was  observed  there  on  wheat  (17  plots)  on  8  July,  only 

'  eight  to  twelve  days  after  uredo  had  been  observed  with  some 

certainty  on  the  same  plots.  The  next  year  the  puccinia  stage 

was  noted  on  rye  in  the  field  on  7  July,  on  the  same  day  that 

the  uredo  had  first  been  observed  in  the  same  plot,  and  in  the 
summer  of  1892  teleutospore  spot3  appeared  on  the  same  cereal 
in  the  experimental  garden  on  21  May  and  in  the  field  on  30 
1  July.  In  the  summer  of  1895  we  observed  in  two  infection  ex- 

.  perinents  that  were  carried  out  on  rye  with  aecidiospores 

'  from  Anchusa  arvensi3  (Table  40,  no.  17  and  no.  19)  that  the 

'  first  occurrence  of  the  puccinia  stage  in  one  case  was  on  the 

fifteenth  and  in  the  other  on  the  twenty-second  day  after  the 
i  infection. 

f.  The  Cycle  of  Development 

According  to  the  representation  just  given  we  should 
have  to  conceive  of  the  developmental  cycle  of  this  fungus  in 
one  or  more  of  the  ways  suggested  in  Table  44  below.  But  fur¬ 
ther  investigations  are  necessary  before  we  can  decide  which 
of  the  modes  of  development  actually  occur  in  nature,  for  that 
there  are  several  is  obvious,  since  Aocidiun  Asperifolii.  a3 
we  have  just  brought  out,  is  such  a  sporadic  phenomenon  that 
the  assumption  of  only  a  single  development,  the  heteroecious, 
does  not  suffice  to  explain  what  at  least  appears  to  be  the 
widespread  and  general  occurrence  of  this  fungus  in  Sweden. 
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The  mode  of  development  shown  last  here  in  the  table 
presento  the  greatest  difficulty,  since  according  to  all  we 
know  this  fungus  has  such  a  sharply  defined  localization  that 
it  occurs  exclusively  on  the  blade  of  the  leaf. 

g.  localization  of  Uredo  and  Puccinia  disperse 

1.  f.sn.  3ecali3.  —  Sometimes  in  this  fungus  we  find 
in  the  uredo  stage,  as  soon  na  it  appears  in  the  spring  on 
the  lowest  leaves,  a  ring-shaped  arrangement  (Figure  110). 

In  the  ring,  whose  greatest  diameter  in  the  lengthwise  direc¬ 
tion  of  the  leaf  may  be  5  mo  or  even  more,  we  see  in  the  cen¬ 
ter  one  or  more  somewhat  larger  colonies,  and  on  the  circum¬ 
ference  a  great  number  of  very  small  colonies.  In  this  case 
the  spots  take  up  several  nerve  fields;  this  suggests  that 
the  mycelium  has  the  tendency,  when  circumstances  permit,  — 
that  is  when  few  or  no  continuous  nerves  block  the  way,  — 
to  spread  in  rings, just  as  seems  to  be  the  case  with  several 
uredineae  that  occur  on  wild  plants,  e.g.  not  uncommonly  with 
Puccinia  Arenariae  (Schum. )  Wint.  In  this  respect  the  myceli¬ 
um  of  this  species  shows  a  distinct  innate  difference  from 
that  of  the  yellow  rust,  in  which  such  a  ring-shaped  arrange¬ 
ment  of  the  colonies  is  never  observed.  On  the  other  hand 
in  those  leaves  which  possess  a  number  of  continuous  nerves, 
or  in  other  words  in  all  summer  leaves  on  the  upper  parts  of 
the  plants,  the  uredo  colonies  are  situated  where  they  first 
came  out  on  the  blade  of  the  leaf  (Figure  112  a),  strewn  over 
that  surface  with  no  definite  arrangement  among  themselves. 
Even  before  they  come  out,  small  light  spots  are  observable 
(Figure  111  a) .  Sometimes  when  the  uredo  appears  a  dense 
accumulation  of  pustules  in  the  vicinity  of  the  leaf  fold 
itself  is  observed  (Figure  111  b).  In  a  later  stage  of  the 
disease  the  whole  upper  side  of  the  leaf  may  be  seen  thickly 
covered  with  pustules  (Figure  11?  b). The  whole  appearance 
gives  an  impression  as  if  the  leaf  had  been  spattered  by  a 
brush  dipped  in  brown  paint,  and  it  is  this  scattered  location 
of  the  uredo  colonies  that  lod  us  to  call  this  species  dis¬ 
perse. 

In  order  to  learn  in  greater  detail  the  way  in  which 
this  uredo  form  spreads  on  a  summer  leaf  once  attacked  by  it, 
at  the  beginning  of  July  1892  we  made  drawings  of  five  leaves 
that  had  been  attacked  by  this  species  of  rust  shortly  before. 
Four  of  these  rye  leaves  were  examined  three  successive  times, 
on  6  July,  12  July,  and  20  July;  the  fifth  leaf  drawn  was 
destroyed  by  accident.  The  results  of  these  examinations  are 
shown  in  Table  45* 

It  will  be  seen  that  during  the  fourteen-day  period 
of  observation  the  number  of  colonies  grew  considerably,  and 
in  one  case  even  multiplied  fivefold,  but  nevertheless  the 
colony— bearing  surface  of  the  leaf,  because  of  the  smallness 
of  the  colonies,  still  did  not  amount  in  the  end  to  more  than 
a  maximum  of  25f*  of  the  whole  surface. 
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Table  45.  Urrdo  fHsriorso  on  Rye  Leiver.  in  the  .>u:r,T,er  of  189? 


iuir.ber  of  Rust  P  u 

a  t  u  1  e  f 

.iurf-ce  Covered  with  Ruut  n  %  of 
Tot’ll  Surf ice  of  Le-l 

Leal 

No. 

12  July  1 

1  20  July 

{New  1 

Total 

New 

Tot-1 

1  6  July  1 

12  Julv 

20  July 

i 

7 

Q 

19 

333 

352 

jmm 

1.3 

25.0 

2 

9 

B 

22 

287 

309 

0.99 

13.8 

3 

37 

B 

48 

173 

;?i 

Warn 

2.5 

11.5 

4 

9 

n 

13 

160 

173 

0.6 

8.2 

The  teleutospore  aggregates  are  found  on  the  under  Bide 
of  those  leaves  which  bear  or  have  borne  uredo  aggregates  (Fig¬ 
ure  116  a),  and  are  most  numerous  at  the  base  of  the  leaf 
blade.  They  form  densely  placed  elongated  stripes  (Figure 
116  b)  covered  by  the  epidermis. 

The  aecidia  break  out  on  the  Anchusa  species  both  on 
stems  and  on  leaves  and  calyces ,  and  sometimes  even  on  the 
ovaries  (Figure  121  a,b,c) .  The  spots  affected  are  yellow- 
red,  large,  and  more  or  less  swollen  and  hypertrophied. 

2.  f.sp.  Tritlci.  ~  In  all  essential  respects  the  form 
which  occurs  on  wheat,  botti  in  the  uredo  and  in  the  puccinia 
stage,  corresponds  in  respect  to  localization  to  the  above- 
described  form  which  is  parasitic  on  rye,  though  perhaps  in 
this  case  (Figure  1135)  the  pustuleB  are  still  more  scattered 
over  the  whole  blade  of  the  leaf. 

With  respect  to  the  shape  and  size  of  the  uredo  pus¬ 
tules  this  species,  both  f.sp.  Secalis  and  f.sp.  Tritici.  is 
ordinarily  quite  well  differentiated  both  from  black  rust  and 
from  yellow  rust.  Oddly  enough,  the  pustules  reach  their 
greatest  extent  on  the  seedlings  of  the  autumn  (Figure  109) , 
where  they  may  have  a  length  of  2  mm  or  even  more.  In  the 
summer,  on  the  other  hand,  their  length  (Figure  113  b)  does 
not  exceed  1  or  at  most  1.3  on.  The  width  hardly  exceeds  1 
mm.  They  are  usually  easy  to  distinguish  from  the  uredo  pus¬ 
tules  of  black  rust  by  their  small  size,  like  other  uredo 
pustules,  they  open  by  bursting  the  upper  covering  pellicule 
(Figure  113  a),  when  the  brown  spore  dust  is  freely  exposed. 

The  color  of  those  uredo  pustules  that  occur,  on  the 
leaves  that  the  plant  beaus  in  the  spring  and  summer  is  some¬ 
what  darker  than  the  color  of  the  pustules  to  be  found  on  the 
seed  leaves.  It  approaches  the  brown  ochre  color  of  the  black 
rust  uredo  co  closely  that  the  two  can  hardly  be  distinguished. 
Let  us  mention  here  again  that  the  content  of  the  germ  tube 
of  a  uredospore  of  this  species  is  somewhat  more  strongly  red 
than  that  of  the  yellow  rust. 
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h.  The  Anatomic?.!  Structure 


1.  The  Uredo  Pustules  and  the  Uredospores.  —  In  the 

structure  of  the  uredo  pustules  no  noteworthy  difference  haB 
been  observed  from  that  of  other  similar  pustules.  As  usual, 
the  pustules  follow  the  chlorophyll-bearing  parts  of  the 
supporting  surface,  in  this  case  exclusively  such  parts  of 
the  leaf  blade  (Figure  117  a).  Nor  do  the  uredospores  (Figure 
114)  seem  to  differ  from  those  of  yellow  rust,  either  in  color, 
shape,  and  size,  or  in  any  other  significant  way.  The  dimen¬ 
sions  were  found  to  be  as  follows:  for  f.sp.  Secalis:  dia¬ 
meter  22-27  p,  or  in  cases  where  especially  long  ones  were 
present,  24-28  x  22-24  p;  for  f.sp.  Tritici :  18-26  p  or  up 

to  22-29  x  16-22  p;  and  for  the  form  occurring  on  Bromus 
secalinus:  22-25  fx •  The  membrane  bears  numerous  somewhat 
separated  spines,  which  appear  to  be  arranged  in  quite  regular 
rings.  The  germ  pores  are  wide  apart;  their  number  is  at 
least  four.  Sometimes  between  the  uredospores  we  have  observed 
thin,  paraphysis-like  fibers. 

2.  The  Puccinia  Soots  and  the  Telentosoorea .  —  The 
teleutospore  accumulations  form  almost  exclusively  on  the  un¬ 
der  side  of  the  leaf  blade  (Figure  117).  These  groups  of 
spores,  which  are  covered  by  the  epidermis  (Figure  118  a), 
are  divided  into  many  compartments,  separated  from  each  other 
by  numerous  brown  (Figure  118  b)  paraphyses,  and  each  of  these 
compartments  contains  only  a  few  spores  side  by  side.  In  the 
cell  stratum  below  them  there  are  numerous  haustoria  (Figure 
119  b). 

5.  The  Aecidla  Spots  and  the  Aecidlospores.  —  In  the 
examination  of  very  young  aecidia  stages,  so  young  that  the 
spermogonia  have  hardly  appeared,  we  have  encountered  under 
the  epidermis  a  peculiar  type  of  structures  whioh  are  very 
reminiscent  of  those  which  Massee  (1,47;  plate  IV,  1-2) 
found  in  studying  the  aecidia  on  Ficaria  vema  and  which  he 
regards  as  reproductive  organs. 

The  aecidlospores  are  round  or  oval  (Figure  175); 
their  diameter  is  in  the  first  case  20-50  p,  the  dimensions 
in  the  latter  case  20-50  x  19-22  p.  The  membrane  is  thick¬ 
ly  covered  with  small,  warty  spines. 

1.  The  Economic  Importance 

This  species  of  rust  has  no  economic  significance  in 
Sweden  to  compare  with  that  of  black  rust  or  yellow  rust;  it 
has  been  considered  as  fairly  harmless,  especially  as  it  does 
not  occur  on  any  other  parts  of  the  host  plant  besides  the 
blade  of  the  leaf.  How  this  may  be  in  other  countries  is  still 
to  be  investigated.  The  observations  with  regard  to  tho  sen¬ 
sitivity  of  various  types  of  wheat  to  this  species  of  rust 
will  be  reported  in  detail  later. 


5.  Puccinia.  simplex  (Kcke.)  Eriks.  &  Hern.  —  Dwarf  ruat. 

Plate  Al,  Figures  124-128. 

Diagnosis:  I.  Aocidiun  unknown  (lacking?) 

II.  Uredo  simplex.  —  Pustules  extremely  3mnll.  0.3 
to  0.5  mm  long,  0.1  to  0.2  mm  wide,  scattered  in  no  order 
over  the  whole  upper  surface  of  the  leaf,  lemon  yellow. 
Spores  spherical  to  slightly  elliptical,  prickly,  yellow, 
19-22  p.  in  diameter  or  22-27  x  15-19  u. 

III.  Puccinia  simplex.  —  Groups  of  spores  covered  by 
the  epidermis,  forming  on  the  underside  of  the  leaf  blade 
numerous  extremely  small  point -like  and  on  the  sheaths 
somewhat  longer  olack  spots.  Each  group  of  spores  divided 
into  compartments  by  brown  narar>hysc3.  often  much  broad¬ 
ened  at  the  tip.  Spores  pedunculate,  for  the  most  part 
unicellular,  asymmetric,  sacklike  or  stretched  diagonally 
on  one  side,  24-30  x  16-18  p,  rarely  two-celled,  claviform, 
blunted  at  the  tip  or  pointed  sideways,  40-48  p  long, 
width  of  the  basal  cell  16-18  p,  of  the  terminal  cell 
19-24  p. 

Bxslccatae ;  Eriks.,  Fung,  paras,  scand.  120  (II,  Smal.,  15 
August  1882)  [see  NoteJ.  —  Linh. .  Ung.  Pilze  127  (II, III, 
Hungary.  June  1882).  — .Rabn.,  Fung.  Eur.  3214  b  (III, 
Belgium).  —  von  ThUm. ,  Herb,  myc.  5  (II. III.  Bohemia, 
September  1872);  6  (III,  Bohemia,  September  1872);  101 
(III,  Germany.  1867:  F.  KBrnicke);  live,  unlv.  831  (III, 
Denmark,  1876). 

[Note]  The  form  also  appears  in  fascicle  9  of  this  work,  which  has 
recently  been  published,  as  no.  431  (Sxp.,  II,  "English  early  barley," 

3  October  1891;  III,  "Six-row  winter  barley,"  20  July  1892,  and  "Gray 
winter  barley,"  17  July  1890).  —Late  note,  18  September  1895. 

Host  plant:  Hordeum  vulgare  (Sk.,  Alnarp  —  Gotl.,  Dunegarda 
—  Exp.). 

Historical:  This  form  was  first  distinguished  by  Kb'rn:'  eke 
(according  to  Winter,  1,218)  in  1865  under  the  name  of 
Puccinia  atramlnis  var.  simplex.  Ten  years  later  it  was 
described  by  Nielsen  (IV, 567)  as  Uromyces  Hordei.  and  in 
1876  by  Rostrup  in  von  Thtimen's  Herbarium  Kvcologicum  Oe- 
conomicum  451  as  P.  anomala.  It  is  commonly  assumed  that 
P.  Hordei  Fuckel  (l,16)  is  synonymous  with  this,  but  the 
latter  may  be  a  different  species,  since  the  principal  fea¬ 
ture  of  P.  simplex,  the  usually  unicellular  teleutospores, 
is  not  attributed  to  Fuckel' 0  species.  Fuckel' s  descrip¬ 
tion  as  a  whole  rather  suggests  the  conjecture  that  he  may 
have  been  dealing  with  the  form  of  P.  glumarum  that  oocurs 
on  barley. 
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a.  The  Uredo  Stn^e  of  the  Fungus 

Since  this  form  of  runt  po sucsccs  only  a  very  minor 
significance  in  thi3  country  economically,  the  attention  that 
has  been  given  to  it  has  been  relatively  insignificant,  and 
for  that  reason  the  contributions  that  have  been  offered  to¬ 
ward  describing  its  nature  and  developmental  history  are  also 
few  in  number. 

The  ureuo  stage  appeared  on  winter  barley,  which  was 
sown  at  the  same  tine  as  winter  wheat,  on  send'1 1n~3  in  the 
late  fall  —  in  1891  on  9  October  in  two  experimental  plots, 
on  25  October  on  another,  and  on  27  October  on  another,  and 
in  1892  on  6  October,  17  October,  and  7  November  on  six  plots 
—  as  very  3mall  point-like  pu3tule3  on  the  upper  side  of 
the  leaf  (Figure  124).  An  indication  of  the  way  in  which  this 
form  spreads  during  the  next  21  day3  over  the  leaf  which  it 
has  attacked  is  given  by  Figure  54. 

After  the  winter  is  over  the  uredo  again  appears  in 
the  spring  or  summer  ear] ier.  apparently,  on  winter  barley 
than  on  stunner  barley.  It  was  observed  on  winter  barley 

in  1892  on  27  May  on  1  experimental  plot, 

on  29  June  on  2  more  experimental  plots,  and 

in  1893  on  10  August,  on  two  experimental  plot3, 

and  on  summer  barley 

in  1892  on  29-30  August  on  17  experimental  plots  and 

in  1893  on  4-5  September  on  7  experimental  plots. 

Even  then  the  pustules  arc  very  scattered  and  extreme¬ 
ly  small  (Figures  125  and  12(1) ,  incomparably  smaller  than  in 
any  of  the  forms  of  rust  described  previously.  They  are 
light  yellow  in  color,  rather  like  those  of  yellow  rust.  The 
spores  (Figure  127)  are  round  or  somewhat  oval.  The  germ 
tube  that  emerges  from  them  in  germination,  as  stated  by 
Nielsen  (VI, 49)  i n  1877,  appears  to  be  often  branched. 

b.  The  Puccinia  Stage  of  the  Fungus 

The  teleutospore  pustules  also  form  pointlike  spots, 
sometimes  on  the  underBide  of  the  leaf  and  sometimes  on  the 
stem  (Figure  128).  These  spots  are  black  and  are  covered  by 
the  epidermis.  The  tcleutospores  are  sometimes  two-celled 
and  sometimes  one-celled,  but  the  majority  are  the  latter 
[see  Note]. 

[  Not^  The  form  of  rust  that  K8micke  (1,137)  said  he  had  found  in 
1665  on  a  barley  plant  from  Persia  and  which  h-.d  two-celled  tcleutospores  is 
probably  closely  related  to  our  P.  glum  rum  f.sp.  horde!  if  not  actually 
identical  with  it. 


Attempts  to  bring  these  spores  to  germinate  were  made 
repeatedly  in  the  autumn  of  139?  in  August  and  September,  the 
last  time  on  29  September,  but  were  not  successful  in  a  sin¬ 
gle  case.  In  the  spring  of  1393  these  attempts  were  resumed 
in  May.  The  material,  which  had  been  taken  from  the  experi¬ 
mental  barn,  where  it  had  been  kept  over  the  winter,  was  in¬ 
serted  for  germination  on  8  May,  but  still  showed  no  germina¬ 
tion  on  10  May.  It  was  different  with  a  sample  that  was  taken 
from  the  experimental  garden,  where  it  had  stayed  in  the  open 
throughout  the  winter,  and  was  inserted  on  16  May.  This  sam¬ 
ple  showed  a  fairly  general  germination  after  17  hours.  But 
it  was  impossible  to  decide  with  certainty  whether  the  one- 
celled  spores  had  germinated.  The  tubes,  which  were  pale  in 
color,  came  from  spores  lying  together  in  groups,  so  that  it 
was  not  possible  to  distinguish  each  individual  spore.  Later 
in  the  same  year,  on  6  June  and  14  June,  the  material  from 
the  experimental  garden  gave  a  negative  germination  result. 

c.  The  Economic  Importance 

This  species  of  fungus  seems  to  have  practically  no 
economic  importance  at  all  in  Sweden.  In  Denmark,  on  the 
other  hand,  as  Rostrup  (VIII, 66)  states,  it  occurs  in  the 
ear,  valves,  and  glume,  as  well  as  on  the  grains,  causing 
these  last  to  become  "empty." 

6.  Puccinia  coronata  Corda.  —  Crown  rust. 

Plate  XII,  Figures  129-143- 

Pia/m08i3;  I.  Aecidium  Rhamni  Gmel.  —  Aecidia  forming  round'  ; 
or  oblong  yellow,  more  or  less  misshapen  spots  on  the  under¬ 
side  of  the  leaf,  especially  along" the  nerves,  on  the 
calyx,  and  on  the  ovaries.  Spores  spiny,  18-25  x  14-19  p.. 

II.  Uredo  coronata.  —  Pustules  sometimes  long,  up  to 
9  mm,  and  somewhat  coalescent,  sometimes  very  small,  in 
some  cases  no  larger  than  0.3-0. 2  mm  in  diameter,  on  the 
blade  of  the  leaf,  usually  on  the  upper  side,  rarely  on 
the  sheaths,  stems,  valves,  and  glumes.  Pustules  reddish 
yellow.  Spores  spherical  to  slightly  elliptical,  spiny, 
yellow,  20-32  u  in  diameter  or  23-32  x  20-24  Ji. 

III.  Puccinia  coronata.  —  Groups  of  spores  commonly 
covered  by  the  epidermis,  at  first  often  arranged  in  a  ring 
formation  around  one  or  more  uredo  pustules,  later  forming 
black  spots  lying  thickly  strewn  over  the  leaf.  Groups  of 
spores  sometimes  divided  into  a  small  number  of  compart¬ 
ments  separated  by  brown  paraphyses.  Spores  petiolate, 
usually  somewhat  claviform,  out  off  diagonally  at  the  tip, 
with  blunt  projections  of  varying  length  arranged  in  a 
circle.  The  length  of  the  spores  25-57  u,  width  of  the 
basal  cells  8-19  u,  that  of  the  terminal  cells  10-19  U- 

Exsiccatae:  I.  Cooke,  Fun/:,  brit..  7  (Rhamnus  cathartics  and 


?h.  Frnn~uln.  England,  Ma;/  1365).  —  Lrb.  C-it.  It.-l.  450 
(ivh.  Fran-uln.  Italy,  1559):  14 C 9  (Ah.  /ran  - of-;.  Italy). 

—  Eriks.,  Aung.  nnr.  scayi.  19  xroRguVi.  Drottning- 

holm,  2  June  1891 ) 13. nh • ,  Urj* _ P?  1  no  23  U  (lh>  crthnr— 

tica.  Budapest,  May  1833  5,  539  _ Fr:  ngula.  ten  burg, 

summer,  1384).  —  8yd.,  6?  .  cr.tha-tien,  Hungary, 

July  1833);  463  (Jh.  j'r-n  a:la.  Germany,  June  1^90).  — 
von  Thttmen.Horb.  n^c,  212  (Ah .  Frau  til  a .  Bavaria,  Juno 

1874) ;  266  (T1- .  cath^rtica.  Bavaria,  «uuo  1874);  Mycoth. 
untv.  228  (?.h.  /run ruin,  uavaria,  summer,  1874);  325~ikh. 
cathartics.  Bavaria,  1874);  933  Oth.  orlnoides.  Cape  of 
Good  Hope,  October  1876);  Fung.  aur.tr.  636  Gift.  Fran/rula. 
Bohemia,  spring,  1872). 

II  and  III;  Eriks.,  FU-'Ii _ 21  r .  scr-nd .  121  (III,  Agros- 

tis  vulgaris.  Snal.,  9  Cetooer  3  58 S2)  i.sce  NoteJ.  —  I.lnh. , 
Eng,  Pi  J  so  36  (III,  Phal r.rrnr  inacea,  Hungary,  183?) ; 
230  (ll, III,  Triticum  re  or  October  1833);  329  b  (1 2, III, 
Glycerin  sncctabi 1  as .  Hungary,  September  1884).  —  Rabh., 
Fung.  Eur.  692  (II, III,  /.vena  sp.,  Germany);  3510  (III, 
Avena  storilis.  France,  Ju-  >).  —  Sacc.,  Myc.  ven.  12."  (II, 
III,  Triticun  r^nens.  Italy.  August  1874);  479"  (II, III, 
Glycerin  rnu~tica.  Italy,  c  jpter.ber  1875);  480  (II, III, 
I.olium  -nerer.no.  Italy,  Ecu  timber  1575).  —  Syd.,  Ured .  120 
(  ill.  _G1  yceri  a  srectaM  '-j  a,  Germany,  26  October  1879)7  171 
(III.~Fostu.cn  nlonecuros.  ~Portu,-  ai,  July  1889);  ?64  (III, 
Triticun  renens.  Germany,  1  November  1885);  272  (II,  Aira 
flejruosa,  Germany,  July  1389);  315  (II, III,  Kierochlon  sp.', 
Germany,  August  1839);  364  (III,  Holcus  lnnatus.  Germany, 
August  1890);  563  (III,  Avona  hybrid a.  Germany,  October 
1891);  564  (Cnlnmn~rost i s  Innceolnta.  Germany,  September 
189l);  613  (III,  Calamarros  tis  r rundinacea.  Germany,  25 
September  1891).  —  von  Tnilmen,  Fung,  austr.  376  (III, 
Caianagrostis  Enigeios.  Austria,  autumn,  1671;  open  pus¬ 
tules,  habit  similar  to  P.  graminis);  377  (III,  Avena.  sa- 
tlva.  Bohemia,  autumn.  1872);  634  (II, III,  Hoi cun  lnnatus, 
Bohemia,  autumn,  1872);  945  (II,  Holcun  lanntur..  Bohemia, 
summer,  1872);  Herb . myc .  51  (III,  Avena.  aativa,  Bohemia, 
September  1872)";  158  (ill,  Holcus  mollis.  Bohemia,  October 
1872);  311  (II, III,  Fest.uca  elatlor,  Germany,  September 

1875) ;  Myc .  univ .  1124  (III,  Holinia  coerulea.  Germany, 
April,  18747: 

[Note]  In  the  recently  published  fascicle  9  this  species  also  ap¬ 
pears:  No.  43 6.  f.sp.  Avanae  (,‘vcm  ritivn.  Exp.,  II,  17  September  1690; 

III,  15  September  1892);  437,  f.3p.  Alopecuri  (III,  Alopocurus  prntenr.is. 
Exp.,  5  October  1894);  438,  f.sp.  Festuc,,e  (HI,  Fertile  oVitlor.  Exp.,  b 
October  1B94);  439,  f.sp.  Lolii  (II,  Loliun  pf-r^nra.  Borghola,  20  July  1894; 
440  (II,  Agrostis  vulrarle.  Eorgholu,  20  July  1834);  441,  f.sp. 
tls  (II,  III,  Cnlnroigrnritts  .mind  lnacn-' .  Exp.,  September  1694);  44?  n  (\b_ 
lanceolate.  Berg.,  II,  19  -icptr.-uU-r  l.~g;  I . I ,  lu  October  16J4);  442  b  (III, 
C.  pl-ngmltoldes.  Berg.,  10  October  l!  .14);  44a,  f.sp.  Malic->e  (II,  Mel  I  ca 
nub.no.  Exp.,  23  September  1894). 


32 


Hos*  Plnntn:  I.  RV-.^nus  cntbertlca  (I'.t.uI.,  Lyckaa  —  (5l . , 
Borgholm,  June  1886:  A.  SkArbcrg  —  C-otl.,  Visby,  June 
15Q1:  G.  Schotte  —  Upl.,  Uppsala).  — Rh.  Frrvvniia  (Gk., 

Lund:  E.  Ljungstrbm,  1, 120  —  Boh.,  Saigvik:  G.  Lager- 
1,151  —  Gcstr.,  G'-vle:  G.  Schotte,  July  1891).  ~ 

Rr..  ."Tardi  folia  (Exp.,  artificial  infection  indoor3;  only 
spernogonia,  out  these  in  abundance). 

II  and  III.  i -  "va s t j a  vu  1  srp r i s  (St&l.  —  Hols.,  Ramajb, 

24  September  1891;  urcdo  only).  —  Alopecurus  pratcnsis 
(Exp.).  —  Avrna  sativa  (Sk.  —  Dal.,  Mora).  —  Calama~ 
grostis  arundinacea  (Exp.).  —  Festuca  elatior  (Exp. ) .  — 
lollWperenne  (Sk  . .  Lund:  E.  Ljungstrb'm,  1,120  —  Exp.). 

—  Kelica  nutan3  (Exp.). 

The  follov.-ing  have  also  been  reported  aa  host  plants 
of  this  species  abroad: 

I.  Berchenin  vqlubills  (Farlow  &  Seymour,  1,15).  ~ 
P.hamnus  alni folia  (Farlow '&  Seymour,  1,15).  —  Rh .  alpina 
TSaccardo,  1,623) .  —  Rh.  dahurica  (Barclay,  1,358,  India). 

—  Rh.  lanceolate  (Webber,  I,fa2,  Nebraska,  North  America). 

—  Rh.oleoides  (Cornu.  11,182,  France).  —  Rh.  utilis 
(Cornu,  III, 2,  France). 

II  and  III.  Agrostis  alba  (Dietel,  11,42,  Germany). 

—  A.  Hookeriana  (Diete.'.,  IV, 230,  India).  ~  Aira  caespi- 
tosa  (Dietel.  I~1.42.  Ge.vxany).  —  A.  flexuosa  (Dietel.  II. 

42,  Germany).  —  Andropo.oor  Ischaemun  (Voss.  11.48.  Carniola) . 

—  Avcra  barhata  (Lagerheim,  III, 8,  Portugal).  —  A.  bre¬ 
vis  (Karnbach,  I. 10.  Germany).  —  A.  elatior  (Allescher, 

1,28,  Bavaria;  Schrbter,  111,324,  Silesia;  Dietel,  11,42, 
Leipzig;  Voss,  11,48,  Krain  [Carniola] ;  Plowright,  VI, 

164,  England;  Klebahn,  1,340,  Germany).  —  A.  fatua 
(Schrb’ter,  111,32,  Silesia).  —  Brachypodium  silvatlcum 
(Barclay,  11.227,  India).  —  Broinus  asper  (Schrb’ter.  III. 

324,  Silesia).  —  Bromus  inermis  (Schrbter.  111,324,  Sile¬ 
sia).  —  B.  mollis’  (Sorauer,  11,223) .  —  Chrysopo/?on  coe- 
ruleus  (Dietel,  IV, 230,  India).  —  Cinna  arundinacea 
(Webber.  1,62,  Nebraska;  Farlow  &  Seymour,  1,146,  North 
America).  —  Dactvlis  p-lomerata  (Plowright,  VI,l64.  Eng¬ 
land;  Poirault,  I,  France;  Klebahn,  1,340,  Germany).  — 
Fostuca  aloneeuros  (Lagerheim,  III, 8,  Portugal).  —  F , 
arenaria  (Nielsen.  V,40,  Denmark).  —  F.  arundinacea 
(Allescher,  1,28,  Bavaria;  Farlow  &  Seymour,  1,153,  North 
America).  «— -  F.  distans  (Schrbter,  111,324,  Silesia).  -- 
F.  fflprantea  (Schrbter,  111,324,  Silesia;  Voss,  11,48,  Car¬ 
niola;  Barclay,  11,227,  India).  --  F,  littorea  (Nielsen, 

V,40,  Denmark).  —  F.  loliacea  (Klirnbach,  1,10,  Berlin). 

--  F.  ovina  (Nielsen,  V,40,  Denmark).  —  F .  rubra  (Niel¬ 
sen,  V,40,  Denmark).  —  F.  silvatica  (Schrbter,  111,324, 
Silesia;  Plowright,  VI, 164,  England;  Klebahn,  1,34,  Ger- 
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nr-r.y).  —  Ho-1  em  Janata-;  {/.' 1  e'o'ior,  1,28,  Bavaria;  Kr m- 
b~ch,  1,10,  Bowlin;  LchruUr ,  111,524,  Silesia;  Dicte]  , 

II,  42.  Leipzig;  Vos3,  II, 4S,  Carniola;  Poirauit,  I, 

Prance).  — * H.  mollis  (Allescher,  1,28,  Bavaria;  Schroter, 

III,  524,  Silesia;  Plowr.-ght ,  ¥1,154,  Rngland).  —  Hor- 

doun  vul-we  (Nielsen,  VI, 48,  Denmark;  Bolley,  11,7,  Indi¬ 
ana;  Pannei,  1,2,  Iowa;  Lovordo,  1.181).  —  Joiium  rmlti- 
f ' om  (Schroter,  111,524,  Silesia).  —  L.  sne.aiorvn 
TschrSter,  III. 524,  Silesia).  —  ’  vii.a  co'-rv'i -'H  (jir tel, 

I], 42,  Leipzig).  —  Phnlnr j .  r rn  k:  : :  (Alieschor,  1,28, 

3  .varia;  Schroter,  111,324,  Silesia;  Parlow  &  Seymour,  I, 
11-3,  North  America).  —  P' nr?  a-:,  holciformc  (Barclay. 

II, 227,  India).  —  Poa  no;  a.  ;;.I  >-‘;~~TVo33,  11,48,  Carniola) . 

—  P.  trlvialis  (Voss,  II, 4s,  Carniola).  —  Scol ochloa 
f  :stucaccn  (Narnbach,  1,10,  3erlin).  —  Secale  cercale 
Tdolley,  11,7,  Indiana).  —  Tritlcum  caniniun  (Schroter. 

III, 324,  Silesia).  —  T.  nlr.ncun  (Cobber,  1,62,  Nebraska; 
Firlow  &  Seymour,  1 , 14(j  ,  North  America) .  —  T .  re  pens 
(Schrb’ter,  111,324,  Silesia).  —  T.  vulgnre  (Burril,  I, 

200,  Illinois;  Bollev,  11,7,  Indiana;  Parlow  &  Seymour, 
1,155,  North  America). 

Historical.  —  The  aecidium  stage  of  this  fungus  i3  described 
in  1791  by  Gmelin  (1,1472)  on  Rhannus  —  species  not  given 

—  tinder  the  name  Aecidium  Rhan.nl  ("thecis  cylindricis  ro- 
seis,  seminibus  aurantii3"”T  with “rose-colored  thecae  and 
golden  seeds]),  and  ten  years  later  by  Persoon  (11,208)  as 
Aecidium  craesun.  In  1803  Schumacher  (1, 225)  divided  this 
aecidium  into  two  species,  one  of  which  he  called  Ae. 
Franmulae  ("ore  integro"  [with  the  mouth  whole]  on  Rhomnus 
Frangula,  the  other  Ac.  Cathartics c  ("ore  crenulato"  Lwith 
the  mouth  crenulate]  on  Rh.  catnartica.  Just  two  years 
later  Lamarck  &  de  Candolle  (1,242 , 244 , 245)  described  no 
fewer  than  three  Rhannus  aecidia,  one  called  Ae .  Rhamnl- 
alnini.  with  circularly  arranged  sporecases,  on  Rh.  alpina, 
a  second  called  Ae.  eras sun  on  Rh.  Franmula  and  Luonymus , 
and  the  third  A.e.  irremularo  on  Rh.  cathartics.  The  la3t 
two  bore  spore  cases  which  were  grouped  with  no  particular 
order  and  were  distinguished  from  each  other  only  by  a 
somewhat  different  coloration  of  the  aecidia.  In  1825 
Link  (I,  plate  2,  60)  —  while  at  the  same  time  criticiz¬ 
ing  Lamarck  &  de  Candolle's  differentiation  of  the  forms 

_  himself  set  up  a  Caeoma  crassatum  on  "Rhannus  species, 

Prunus  sninosa.  and  other  rosaceae, "  and  a  C.  Rhannatum 

on  Rh.  Fran /rul'a.  the  former  of  which  he  includes  in  a 
.-roup  that  he  calls  C-  j.n  eras  return  ("pscudoperidiis  ener- 
sis"  (with  pseudoperidia  turned  upward]).  A  further  group¬ 
ing  is  found  in  Wallroth  (1,257),  who  in  1833  puts  all 
Rhannus  aecidia  down  as  a  subdivision  cr)  Rhannorun  of  Ae_. 
poculiforme  on  Berberis  and  on  Phillyrea,  a  species  of 
aecidia  which  also  includes  the  aecidia  on  Knonyi-.us. 
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Lat  :r  we  find  the  aecidia  of  the  two  common  nh^ggiuo  species 
sometimes  separated  again,  as  in  Kick  *1,4?)  in  llibl,  who 
includes  Ac.  ere  r.r.ur.  on  Rhamnua  ?r;  nrula  with  a  subspecies  /3) 
do  panpc  rat  St.  vh*.ch  also  occurs  on  t.ie  same  Rhanrms  species 
and  sometimes  on  the  same  leaves  as  the  main  snecies,  and  Ae. 
P.hamni  on  Rh.  cathartics  and  Rh.  alnlrn. 

‘•ext  in  time  after  the  r.ocicicczage  the  puccinia  stage 
was  distir. -uished,  first  by  Cutua  (1,6)  in  1337  under  the 
name  Puccinia  cororr’ta.  if  we  are  to  assume  that  although 
Coraa  states  that  his  fungus  occurred  on  the  leaves  of  Luzula 
alb  to  a  and  draws  it  with  very  sharp  points  on  the  cro  wn,  he 
did  have  the  same  species  of  fungus  before  him  that  is  called 
crown  rust  in  these  days  on  oats,  r ye  grass,  and  other  grasses. 
A  few  decades  ago  there  were  great  misgivings  about  such  an 
identification.  For  that  reason  in  ielgium  first  i-lathieu  (I, 
434)  in  1853  and  after  him  Wectendorp  (I, 235)  in  1854  dis¬ 
tinguished  the  form  of  crown  rust,  occurring  on  rye  grass  as 
P_.  coronet  a  var.  Lolli  Bellk.,  characterized  by  blunt  prongs 
on  vac  crown.  In  Lturm's  Flo r-'  von  Tnutschland  (Flora  of 
Germany)  (1,5)  Preus3  in  18 Tl:  accepted  a  new  species,  P.  ser- 
tata,  with  blunt  prong3  on  the  crown,  which  was  said  to  oc¬ 
cur  on  "the  common  cane"  (?  =  C.aiamarrostis  sp.)»  while 
Corda's  P.  coronata  was  "found  in  the  same  place  on  the  leaves 
of  barley."  And  apparently  independent  of  the  view  of  the 
two  3elgian  researchers  mentioned,  Nielsen  (IV, 551)  in  1875 
set  up  the  crown  rust  of  rye  grass  "tentatively"  as  a  species 
to  itself,  Puccinia  Lolii.  beside  ?.  coronata  on  "oats,  bar¬ 
ley,  and  other  grasses."  Two  years  later,  however,  Nielsen 
(V,39)  no  longer  speaks  of  the  new  species,  but  counts  the 
crown  rust  of  rye  grass  with  Corda's  species. 

In  recent  decades,  in  fact  since  de  Bary's  analysis 
of  the  main  lines  of  the  developmental  history  of  the  crown 
rust  of  grain  (1866),  although  the  above  difficulties  con¬ 
cerning  identification  have  still  not  been  entirely  overcome, 
in  general  de  Bary's  procedure  has  been  followed  and  all  mis¬ 
givings  discarded,  and  the  highly  descriptive  name  Puccinia 
coronata  has  established  itself,  with  Corda  as  its  author, 
for  the  crown  rust  of  cereal  and  grass  species,  with  all  the 
more  justification  because  no  one  has  3ince  succeeded  in  find¬ 
ing  a  crown-bearing  puccinia  species  on  Luzula  or  in  fact  any 
other  species  of  rust  thus  endowed  than  that  of  certain  grass 
and  cereal  species,  although  the  number  of  all  puccinia 
apecies  so  far  described  now  amounts  to  some  500. 

Very  recently  IQcbchn  (1,340)  in  1892  divided  this 
species  into  two,  P.  coronata  I  (P.  coror.ata  in  the  narrow 
sense)  on  Dactyl! s  glomerate  and  Festucp  r-ilvatica  with  aeci¬ 
dia  on  Rhamnun  Fran m la.  and  P,  coi-orata  II  (P.  coronifern) 
on  Lollun  perenne.  Avon  a  s;-tivt.  A.  n.lut.ior.  and  Festuca  eia- 
tior .  with  aecidia  on  Rh.  c.-A:  .rtara. 
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On  the  erne  principled  that  we  have  followed  in  deal¬ 
ing  with  the  species  of  rust  described  earlier  (cf.  pages 
90  ff.  above  [i.e.  in  the  original  work]),  we  group  the 
two  species,  as  well  as  other  little-known  or  unknown  forms 
of  crown  rust  on  crosses,  tentatively  under  the  common 
designation  Puccinia  cov>reta» 

The  uredo  forra  of  this  fungus  appears  to  have  been  iso¬ 
lated  at  last.  The  first  sure  description  of  it  is  given 
by  Fuckel  (I, 10)  in  I860. 

a.  The  fiestin/r  Starre  of  the  Purvis  'Turing  the  'winter 

Since  this  species  o'  rest  attacks  only  oats  among  the 
cereals,  and  since  the  vint  ■  :.ta,  which  cannot  endure  the 
winter  in  Sweden,  has  been  grown  only  to  a  very  insignificant 
extent  in  the  experimental  field,  namely  in  the  autumn  of 
1892  in  one  experimental  plot  cf  the  field,  and  besides  that 
in  very  snail  quantity  in  the  experimental  garde n  and  among 
barberry  bushes,  we  have  had  very  little  opportunity  to  ob¬ 
serve  and  follow  any  occurrence  of  thi3  species  on  seedlings 
in  the  late  autumn.  If  we  insisted  on  drawing  conclusions 
from  these  few  observations  we  should  have  to  believe  that 
this  species  of  rust  does  not  occur  cn  the  young  plants  in 
the  late  autumn,  for  at  r.eijher  of  the  two  plantings  mentioned 
was  it  oossible  to  discover  even  a  trace  of  Uredo  coronat.a, 
although  this  species  of  rust  occurred  quite  abundantly  on  the 
adjacent  summer  oats  plots  of  the  experimental  field,  and  on 
neitaer  of  the  two  places  was  the  winter  oats  able  to  endure 
the  winter  cold. 

It  was  otherwise  in  the  autumn  of  1891  with  the  seed¬ 
lings  of  summer  oats  that  had  sprouted  up  at  that  time  on  the 
experimental  field  from  grains  dropped  there.  Several  of 
these  seedlings  in  addition  to  the  black  rust  uredo  bore  Uredo 
coronata  as  well,  and  this  uredoform  could  be  found  as  late 
as  24  October,  and  on  plants  that  were  transplanted  from  the 
experimental  garden  even  as  late  as  5  November.  Since  all 
such  plants  freeze  with  the  onset  of  winter,  even  this  find¬ 
ing  can  offer  no  proof  for  the  assumption  that  crown  rust 
winters  in  the  uredoform  on  oats. 

This  does  not  exclude  the  possibility,  however,  that 
this  is  the  mode  of  spending  the  winter  ir.  other  forms  of  this 
species  of  rust  which  occur  on  certain  wild  or  cultivated  per¬ 
ennial  grasses.  The  conjecture  that  there  is  such  hiberna¬ 
tion  in  several  of  them  is  found  here  and  there  in  the  rele¬ 
vant  literature.  Thus  KUhn  (11,401)  says  in  1375  that  crown 
rust  lives  through  the  winter  in  the  uredoform  on  Hoi ens 
lanatus.  for  "in  the  middle  of  the  winter  the  uredoform  is 
found  in  all  stages  of  development  in  fall  sproutings  of  this 
grass,"  and  he  even  adds,  "the  uredoform  that  has  lived 
through  the  winter  develops  further  uninhibitedly  in  the 


-  36  - 


spring."  Von  ThPmon  (11,24)  c  iys  the  cnrr.e  thin"  in  1836 
about  crown  rust:  "uredospores  also  live  through  the  winter, 
chiefly  on  species  of  grass  that  grow  wild,  ana  the  young 
oat  crop  i3  then  infected  by  then  in  the  spring. "  But  Bar- 
clay  (11,228)  expresses  himself  most  circumstantially,  when 
he  says  in  1891  that  in  India  in  the  Puccinia  coronets  var. 
himalensis  on  Piotatherum  holciforme  and  Pcctuea  ~i~-.ntoa 
the  ureco  pustules  are  to  be  seen  "in  abunaar.ee  throughout 
the  winter  in  shady  places  and  in  the-  beginning  of  soring  on 
tender,  still  undeveloped  leaves."  The  cau3e  of  this  pheno¬ 
menon  in  his  opinion  lies  "either  in  an  uninterrupted  produc¬ 
tion  of  uredo  throughout  the  year"  or  on  "the  mycelium's  sur¬ 
viving  in  the  root."  Barclay  himself,  however,  calls  the 
first  assumption  "an  improbable  hypothesis,"  and  a3  to  the 
second  he  states  that  "in  the  microscopic  examination  of  the 
root  no  hyphens  have  been  found,"  though  at  the  same  time  he 
mentions  experiments  that  make  this  assumption  probable  to 
him.  "At  the  beginning  of  the  spring  a  plant  with  dry 
leaves  bearing  numerous  teleutospores  was  dug  out  of  the 
ground  and  the  plant  wa3  kept  in  a  laboratory  with  its  roots 
in  water  that  was  regularly  replenished.  After  a  short  time 
the  plant  developed  new  green  leaves,  and  on  17  May  a  few 
uredo  pustules  were  found  on  one  of  them,  thus  showing  in  an 
almost  decisive  way  that  the  mycelium  is  perennial." 

To  get  a  more  detailed  knowledge  of  how  it  may  be  here 
in  Sweden  in  this  respect,  in  the  autumn  of  1891  we  planted 
a  number  of  wild  grasses  that  bore  uredo  in  the  experimental 
garden  and  examined  the  planted  individuals  several  times  in 
the  course  of  the  winter.  The  results  of  these  observations 
are  shown  in  Table  46,  where  0  represents  the  absence  and  1 
the  presence  of  uredo  pustules  on  the  plants  observed. 

Table  46.  Uredo  corornta  on  Several  Species  of  Grasses  in  the  Experimental 
Garden  in  the  Vinter  of  18J1-1592 


No. 

!  Species  of  Grass 

i 

i 

•  ' 

Date  of  Observation 

It  v  •»  1  !•  » 1  I  1  1  4  ’ 

tt  i  :  .tli  *  i 

M 

1 

j  Annuli*  vulifurin . 

- !  l 

1 

•  0  • 

0 

0 

•> 

»  *  . 

.  1 

I 

!  .  !  v  ' 

i) ;  •  . 

•» 

^  Alo)»cnirii"  prntcnMtf . 

I 

1 

i 

•!•!<>’ 

1 

1  aruhuiiiftrcft 1  .  . 

. '  1 

1 

i  i  i  •  .  • 

«)  i  •  ■  0* 

• 

° 

5 

l-'cfltura  rlutior  .  . . 

..  l 

* 

•  !  ii  «* 

0  0 

0 

0 

0 

»  >  ........ 

1 

1 

.  1  .  ;  . 

o  1 

7 

,  Loliuin  pcrcDiie . 

. 1  1 

1 

ii  i  ■  • 

•  i  •  ;  t 

* 

Mrliin  nntaim . 

1 

1 

l  ’  i  *  Ji  * 

•  !  •  !  0 

0 

Notes:  1)  On  withered  leaver,  generally.  —  2)  dome  green  leaves  were 
to  be  found.  —  3)  Vhether  the  form  on  these  host  plants  really  belongs  to 
Puccinia  coronata  is  not  quite  clear.  —  4)  New  leaves  rustfree;  uredo  gen¬ 
eral  on  withered  ones. 
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In  no  case  did  we  succc:d  in  finding  a  single  new  uredo 
pustule  on  the  transplanted  plants  ii  the  new  year,  at  least 
before  the  end  of  May,  although  by  that  time  and  in  several 
cases  even  one  to  two  months  earlier  green  leaves  occurred 
«  generally.  There  oh-^a-ynt '.oris  thus  do  not  attest  the  hypo¬ 

thesis  that  the  urcco  lives  thrown  the  winter  on  'wild  grasses. 

Meanwhile  during  the  sane  winter  on  one  of  the  species 
of  grass  indicated  here,  Malice  nv/ivr;,  growing  outdoors  in 
the  woods  of  the  experimental  fielci  (at  the  Sjiiotugan) ,  the 
uredoform  was  found  on  withered,  crumpled  leaves  not  only  on 
31  November  Lsic]  but  also  on  5  April,  still  capable  of 
germinating  on  the  latter  date,  and  on  27  M ay  fresh  uredo 
pustules  were  to  be  seen  on  newly  sprouted  leaves  at  the  same 
•  spot.  The  next  winter,  too,  uredo  capable  of  germinating 

were  found  on  withered  leaves  of  this  grass  on  1  December 
1892.  Germinating  experiments  with  material  taken  from  the 
same  place  on  18  March  the  next  year  were  unsuccessful,  how- 
!  ever,  as  no  germination  had  taken  niece  after  five  days. 

! 

!  b.  The  First  Generation  of  t h-~  7: in ~~u the  Pronveclium  3tage 

1.  The  Geminating  Season  of  the  Teleutospores.  --As 
!  to  the  time  when  the  teleutospores  germinate,  de  Bary  (V, 211, 

]  213)  says  in  1856  that  germination  takes  place  "after  hiber- 

!  nation,"  early  in  the  spring,  and  that  "at  the  end  of  the 

]  spring  no  ungerminated  spores  capable  of  germinating  are  to 

I  be  found  outdoors."  The  same  opinion  is  expressed  in  all 

the  more  recent  publications  as  well.  And  from  India  Barclay 
I  (11,230)  writes  in  1891  that  the  teleutospores  of  the  form 

j  whi:h  occurs  on  Brachypodv.wr.  silvaticum  germinate  after  the 

j  wincer  has  run  its  course,  "from  tae  end  of  March  until  Au- 

:  gu  ■  •  V  but  those  of  the  forms  which  occur  on  Pintatherum  hol- 

]  cl^Tme  and  Pestuca  elatior  "earlier,  in  the  laboratory  as 

;  early  a3  15  February." 

j  At  the  experimental  field  in  October  1891  the  capabil- 

!  ity  of  the  teleutospores  of  the  forms  occurring  on  Festuca 

■■  elatior  and  Cel  nnerrost  is  arurdir.aeea  to  germinate  was  tested 

j  in  numerous  experiments,  but  always  without  result.  At  the 

beginning  of  May  of  the  next  year,  however,  the  spore  material 
taken  from  Fcstucn  elatior  showed  rapid  and  general  germina- 
;  tion  after  only  24  hours,  as  did  the  material  obtained  from 

:  Alooccurus  nratensln.  Generally  the  germination  of  both 

i  forms  was  on  25  May  that  year.  In  the  last-mentioned  cases 

the  material  had  stood  outdoors  throughout  the  winter.  In 
.  the  spring  of  1393  the  teleutospores  generally  germinated  on 

j  25  May  after  16  hours  in  the  form  on  A vena  native,  which  had 

j  also  been  outdoors  over  the  winter,  and  its  germination  last¬ 

ed  until  2  July.  After  that  day,  on  the  other  hanc,  the  ger- 
i  nination  results  were  poor,  probably  because  the  majority  of 

the  3pores  had  already  germinated  before  they  were  inserted 
for  germination. 
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?.  The  Covr--.-  oi~  t -v *-  o ■  t- -> C-T'Tnr^ti  on.  —  When 
t‘*e  Seloutosaores  goiv. ina  ti. .  >  t  u-o,  in  the  unual  wnv, 

generally  fir3t  emerges  from  the  tormina!  cell  (Figure  136) 
and  tnen  also  from  the  banc-  call  an  the  form  of  a  thick, 
strong  thread.  Prom  the  terminal  coll  the  germ  tube  pushes  out 
between  the  prongs  of  the  crown,  from  the  base  cell  directly 
beneath  the  partition  wall.  The  content  of  the  pronycelium, 
like  that  of  the  sporidia,  as  de  Bary  (V.211)  noted  in  1866, 
is  yellowish  red  in  color.  But  here,  as  in  the  germination 
of  the  teleutospores^of  black  rust  (cf.  page  56  above  [i.e. 
of  the  original  work]),  sometimes  no  sporidia  formation  takes 
place.  Only  a  long  protruding,  much  branched,  sterile  pro¬ 
mycelium  develops  (Figure  138). 

Because  of  its  strongly  yellow-red  colored  sporidia 
this  species  is  very  well  suited  to  microscopic  studies  of 
the  course  of  the  sporidia  formation.  Accordingly,  in  the 
spring  of  1893  very  numerous  studies  of  this  species  were  done, 
some  on  a  glass  disk  as  a  base,  and  some  on  strips  of  epider¬ 
mis  taken  from  rhamnus  and  cat  leaves.  In  the  experiments 
done  on  the  glass  disk  (Figure  140)  a  germ  tube  of  varying 
length  usually  developed.  In  the  experiments  on  a  living 
base,  however,  the  germ  tube  showed  a  definite  reaction  to 
the  base;  this  was  just  as  unmistakable  when,  the  base  was 
taken  from  an  oat  leaf  as  frpn  a  rhamnus  leaf.  As  soon  as 
the  tube  had  reached  the  wall  of  a  cell  beneath  it,  its 
growth  in  length  ceased.  If  the  underlying  layer  of  cells 
was  the  epidermis  of  Rhamnus  cashartica.  the  tube  bored  direct¬ 
ly  through  the  epidermis  wall  with  its  tip  and  emptied  its 
colored  contents  into  the  hollow  of  the  epidermis  cell  in  an 
irregularly  branched  thread  (Figure  141).  Sometimes  hardly 
any  germ  tube  developed,  but  the  pointed  end  of  the  sporidia 
forced  its  way  in  directly  in  the  same  way. 

The  reaction  of  the  sporidia  thread  or  of  the  sporidia 
to  the  underlying  strip  of  epidermis  from  an  oat  leaf  (Figure 
142)  was  also  very  peculiar.  Here  again  a  rapid  pouring  out 
of  the  colored  contents  took  place  without  the  previous  forma¬ 
tion  of  a  germ  tube  (Figure  14.2  a).  In  several  cases  it  even 
appeared  as  though  this  outpouring  were  connected  with  a 
borin’-  through  the  epidermis  wail.  We  did  not  reach  complete 
certainty  in  this  matter,  however,  sir.ee  at  the  beginning  of 
July,  when  these  experiments  were  in  full  swing,  the  germina¬ 
tion  of  the  spores  began  to  decrease  end  finally  stopped  al¬ 
together.  It  should  be  superfluous  to  point  out  how  important 
it  is  to  achieve  complete  certainty  concerning  this  phenomenon, 
for  here  lies  the  solution  of  the  question,  both  theoretically 
interesting  and  practically  important,  of  whether  a  direct 
sporidia  infection  of  the  hosts  of  the  uredo  and  teleutospores 
actually  occurs  in  this  species,  and  in  that  case  probably  in 
other  heteroecious  uredlneae. 
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In  some  cr-.c-r,  the  jf  rocerd.-ry  spsridia 

was  Iso  observes  in  this.*  s  >  c.  .j  (.  'iju.-t  14?  b). 

3 .  Tn^-'nt*  -'i^  i-  ~-r '  ■  ■  •  i  ?••<■*(*  -tj^incvvrfv-.  s  to .  — 

The  first  successful  ir.fce„  -:n  Gxperi tents  with  sporidia  of 
this  species  that  are  ncntior.ee  in  the  literature  are  tho3e 
of  do  Bary  (V,21l)  in  1365.  The  species  of  the  hoot  plant 
from  which  the  teleutosncrca  were  if:v>.  la  not  given,  but  the 
aosumation  that  it  was  one  of  “he  Kolcvs  species  is  probably 
not  unjustified,  since  Holer;:  a:  mentioned  as  the  only  hind 
of  grass  on  which  thi3  fun, pa?;  “is  found  by  preference  outdoors." 
An  inoculation  done  on  25  y  on  -  *•  :  .'•Vsr-uln  produced 
yellow  spots  on  the  inoculated  r-avi.  nf  the  let  f  after  10 
days  and  spermogonia  and  accidia  shortly  afterwards.  After 
that  time  as  far  as  we  know  r.o  infection  experiments  of  that 
kind  arc  mentioned  until  toward  the  end  of  the  eighties  Plow- 
right  (VI,  164)  in  1339  reports  that  i.i  numerous  cultures  he 
produced  accidia  with  teleutospores  from  Pa o  t  v3  i a  el omerr ta 
and  Festucn  si  Ivati  or  on  2f  *  a*  n  us  Fran  -via,  out  never  on  that 
host  plant  when  he  pot  the  material  from,  folium  narenne. 

At  about  the  same  tine  Barclay  (11,23?)  carried  out 
his  experiments  in  India  with  the  forma  that  occur  there. 

The  first  of  these  experiments  was  done  in  1839  on  25  June 
with  material  that  had  been' taken  from  B-machynodinfi  sllyrtlcum 
on  hh.  anburies..  After  nine  days  numerous  sper aojonia  had  ap¬ 
peared,  and  after  23  day3  young  accidia.  In  1830  Barclay  did 
ten  infection  experiments  on  the  came  rhamnus  species  from 
13  A aril  to  2  July  with  material  that  he  had  gathered  from 
16  January  to  5  February,  partly  from  Erachyponium.  partly 
from  Pintathorun,  and  partly  from  -estuca.  The  three  inocu¬ 
lations  with  material  from  w-a^-kwooi j wn  in  particular  yielded 
beautiful  positive  results,  —  sper.scgonia  beginning  after 
5-6  days  and  finally  aecidia  in  two  cases  on  27  of  5?  inocu¬ 
lated  leaves,  and  in  the  third  case  "numerous  aecidia  spct3 
on  a  number  of  leaves."  The  experiments  done  with  material 
gotten  from  Pintatherwn  had  a  somewhat  inferior  result  (4 
cases),  for  only  13  of  64  inoculated  leaves  gave  a  positive 
result,  and  this  was  also  true  of  the  experiments  done  with 
the  material  gotten  from  " Pint nth orur  or  Fastuca"  (3  cases). 
Barclay  is  of  the  opinion  that  those  experiments  prove  the 
relationship  of  the  fora  on  Bmchyroclu-.  to  the  aecidia  on 
Ah.  dahuric-.  but  say 3  that  the  relationship  of  the  forms  oc¬ 
curring  on  the  other  grasses  to  the  aecidia  of  the  rhannus 
species  mentioned  waa^not  satisfactorily  shown.  And  if  there 
is  in  Fact  a  relationship  here,  it  in  still  odd  that  the 
forms  from  the  lsst-incrT.ior.ob  species  of  grasses  are  so  much 
harder  to  grow,  and  that  this  difficulty  manifests  itscl :  in 
the  fact  that  when  infections  arc  done  with  than  the  cycle 
goes  no  further  than  the  development  of  spermojonia. 

Lastly  wc  must  give  our  attention  to  the  experiments 
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Table  47.  Infection 
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Notes:  1)  Speraogonia  developed  very  scund-ntly  and  strongly,  but 
no  aecidia  developed.  —  2)  Spermogonia  very  scanty,  on  only  one  spot.  — 

3)  The  whole  plant  was  sprinkled  with  water  containing  sporidia,  and  as  a 
result  the  whole  plant  became  covered  with  rust. 

carried  out  very  recently  by  Klebahn  (1,340)  with  the  teleu- 
tospores  of  Lolium  nerenne  on  two  specimens  of  Rh.  Rranmila 
and*  two  of  Rh.  cath-irtica,  where  only  one  experiment  on  one 
plant  of  the  last-mentioned  species  had  a  positive  result. 

The  infection  experiments  at  the  experimental  field 
with  teleutospores  of  this  species  are  summarized  in  Table  47 

If  we  examine  this  table  closely  we  find  the  following 
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In  other  words,  from  the  three  species  of  grasses  there  was 
one  positive  result  on  Ah.  cat  lartica.  and  from  two  of  them 
negative  results  on  Rh.  Arm rut  a  L^ee  Note]. 

[Note]  For  later  series  of  infection  experiments  see  Eriksson,  V, 

317.  end  Kleb.ahn,  III,  129  ff.,  end  IV,  151.  —Late  note,  18  Sept.  1895. 

c.  The  Second  Generation  of  the  Fungus;  the  Aocidinrn  Sta.re 

The  time  indications  in  the  relevant  literature  with 
regard  to  the  appearance  of  aecidia  on  Rhamrus  species  are 
relatively  very  few  in  number.  From  Europe  we  knot*  of  none 
besides  de  Eary's  (V,213)  from  1866,  where  he  says  that  they 
develop  "only  in  the  spring, "  and  i.'ielsen's  (IV, 554)  from 
1875,  where  he  says  that  "the  spring  is  their  flowering  sea¬ 
son."  In  India,  as  Barclay  reports  in  18S7  (1,358)  and  1891 
(111,227),  the  aecidia  on  Rh.  dahvr*' c.a  "are  completely  mature 
in  the  last  half  of  May,  but  core  commonly  in  the  middle  of 
July."  Here  in  Sweden  tM?  aeridivn  arwears  to  core  out  ,at 
about  the  same  tine  as  that  on  the  beruerry.  A  beginning  of 
spernogonia  formation  on  c-t^^rt tea  was  observed  at  the 
experimental  field  in  1893  on  J  June  and  open  aecidia  on  the 
sane  host  plant  in  Uppsala  on  12  Jn ;  in  1892.  Abundantly 
developed  aecidia  were  collected  fi-o:a  the  same  Rhmrnun  oae- 
cies  at  the  Kinnckulle  (on  Vaner  lak:;)  on  16  June  1839. 

There  wore  no  results  from  the  first  experiments  that 
de  E,ary  (V,?17)  diu  in  1865  to  produce  rust  on  onto  and  other 
cereal  species  with  aecidia  spores  from  -ha^iua  -wi  a  ; 

this  has  now  found  its  natural  explanation,  since  it  ir\n  been 
proved  that  the  crown  i*ust  of  oats  is  not  to  be  associated 
with  the  aecidiun  on  Rh.  penguin,  but  with  that  on  I<h.  eathar- 
tiaa.  Nielsen  (I/, 550)"  had  b-  tter  success  in  hio  exrn  riments 
with  aecidiocpore3  from  Rh.  cothartica  which  he  transferred 
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to  rye  gras3.  These  ex’'er\ -•  r.  vo  ion  on  16  .Tuns  produced 
uredo  spots  after  nine  coy  '.  aia..  L<  >  experiments  with  •  oci- 

diospores  from  oh. _ c.  .  c  i.rr  h  n.fi,  had  a  ne,  a- 

tive  result.  Nielson  obtul  ic.*cl  the  scr.e  result  in  1377  ( V ,39) 
after  repeated  experiments.  Iji  1390  Cornu  (11,131)  mentions 
experiments  with  aecidiorpcros  from  Fh.  cathurticn.  which  he 
inoculated  on  oats,  obtaining  a  positive  result  after  '’l  days, 
and  also  successful  experiments  with  aecidiospores  from  i  h. 
olcoides.  lastly,  Klebahn  (1,338)  obtained  uredo  or.  16  t^une 
and  puccinia  in  August  with  uoeictiosporco  that  he  transplant¬ 
ed  on  ?  June  (1392)  from  ?.h«  eathnrtica  to  I.ollun  norenne. 

We  have  had  no  opportunity  ourselves  to  carry  out  successful 
experiments  with  the  aecidiospores  of  this  species  of  rust 
[see  Note]. 

[Note]  For  new  infection  experiments  see  Eriksson,  V,325  nd  319 
and  Klebahn  111,129  ff.  and  IV, 152.  — Late  note,  18  September  1895. 

d.  The  Third  Generation  of  the  Funrur!  the  Uredo  Stare 

1.  Time  nf  /.mc^rarce .  —  The  mentions  of  the  first 
appearance  and  the  actual  period  of  flowering  of  this  fungus 
in  the  uredo  stage  are  very  brief.  From  Europe,  as  far  as 
we  know,  only  two  reports  are  available,  an  older  one  from 
Nielsen  (IV, 552)  of  1875  to  the  effect  that  "at  the  end  of 
June  or  somewhat  later  rust"  begins  to  be  general  (in  Denmark) 
on  rye  grass,  but  it  is  not  until  August  and  September  that 
i  its  attacks  become  really  noticeable,"  and  a  later  one  from 

!  Plowright  (VI, 165)  of  1889  to  the  effect  that  the  form  para- 

;  sitic  on  Lolium  rerenne  develops  "an  abundance  of  uredospores" 

;  in  England,  "but  only  in  the  autumn,  from  September  to  Novem- 

|  ber, "  while  on  the  other  hand  the  form  on  Dactyl is  -lonerata 

is  "an  early  summer  species  with  a  ouch  more  scanty  develop¬ 
ment  of  uredospores."  In  India,  according  to  Barclay  (II, 
228),  1891,  uredo  pustules  of  the  Indian  form  or  forms  of 
this  species  develop  "at  the  beginning  of  the  spring  on  young, 
still  undeveloped  leaves,  even  before  leaves  can  be  seen  on 
Khannus. " 

The  observations  concerning  the  times  of  appearance 
of  thi3  uredo  form  that  we  have  had  an  opportunity  to  ma:e 
sure  shown  on  Table  48  below. 

It  will  be  seen  from  these  ob  r.-rvations,  scanty  as 
they  are,  that  thi3  uredo  form,  at  least  on  oats,  does  not 
agprar  until  lets  jn  the  swrnaer,  and  perhaps  even  later  than 
bln.ck  rust  on  the  same  species  of  cereal.  It  will  also  be 
seer,  that  both  the  a npervrrgjge  and  th -■  neak  season  v-vry  in  dif¬ 
fer! -nt  years.  This  ru3t  was  very  profuse  in  1390  ("a  crown 
1  rus  ,  year"TT  less  numerous  in  1892,  and  very  scanty  in  1893 

[  see  Note). 

[Note]  On  viriition  in  individual  years  see  also  Erikauon,  V,3?3. 

—Late  note,  18  ijeptoaber  1895* 
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Notes:  1)  In  IfiOl  the  o-t  crop  at  the  crrorirr.r.tnl  field  did  no  belly  that 
it  woe.  not  worthwhile  ranking  fu-tner  o:  .:crv  ti  “a...  —  1’)  At  :-r  rgiolund  on 
new  leaves.  --  i>)  Cn  the  experiment  .1  field,  re 'r  too  railway  station. 

?.  cb-T—ivy-n*^--  <-,•*•  f  ^  ;•  ■  or  '  • .  —  The 

European  literature  appears, to  coat:.;.:  no  ir format! on  con¬ 
cerning  the  germinating  capacity  of  the  nrrdosporeo  end  the 
course  of  their  germination,  rare! ::j  (II, ?'<:})  in  inn: 
speaking  only  of  the  germinating  capacity  of  certain  Indian 
forme  when  he  cays  that  the  ure hooper :s  of  the  forms  on  Plp- 
tathorun  and  Eest.uca  retain  their  capacity  to  germinate  for 
a  long  time,  in  one  case  from  16  January  to  2  June,  or  about 
A  if 2  months.  Those  spores  were  on  dry  leaves  with  numerous 
puccinia  but  only  a  few  uredo  pirstules;  the  leaves  were 
gathered  on  16  January  and  out  into  email  pieces,  and  were 
then  kept  in  beakers  lightly  covered  with  watchglasses,  in 
a  room.  Cn  2  June  they  were  scraped  off  and  kept  in  a  moist 
atmosphere,  and  after  24  hours  they  germinated  well. 

In  the  experiments  done  with  these  uredospores  at  the 
experimental  field  the  .-omiretinr  oar^.city  always  proved  to 
be  mood .  The  germ  threads  showea  up  after  only  a  few  hov's. 
Even  after  freezing  the  geminating  capacity  was  good;  thus 
these  spores  germinated  genera? ly  a-  't  5r  23  hours  —  some  :vcn 
beginning  to  germinate  after  or 1 y  four  hours  —  on  °6  and  27 
October  1891  after  previous  fr  ozir.g  eights. 

3.  Tn^ecljnn  tmoy’"  t~  ■■  t  • ._  —  Taf 'ac¬ 

tion  experiments  with  ure.-o.  •  ar*',s  of  l  s*..:c:.us  of  ruui  arc 
mentioned  only  by  i.ielccr  ,1  ,-C)  ;n  1175,  where  he  say;  that 
after  inoculation  with  the  vu-c<  o  from  rye  gras:,  on  oats  re 
obtained  uredo  on  the  inccu..r tro  .pa»*tr.  of  the  lo  .veo  in  seven 
days  and  beginning  puccinia  cn  tV.  underside  of  the  leaves  in 
fourteen  days.  iV.c  experiments  done  at  the  experimental 
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Note:  1)  Pile  rpotr,  ntme-’red  it  the  points  of  infection:  1  after  17 
days,  3  after  19,  and  4  after  21  days,  but  even  after  25  days  no  uredo  pus¬ 
tules  had  coxe  out, 

field  from  1891  to  1893  are  shown  in  Table  49. 

As  the  table  shows,  In  no  case  did  the  transfer  of 
spores  from  Alooecuras  pratensis,  Calannyrostls  crundinacea. 
and  I'.qlica  r.ut-uis  to  oats  succeed,  and  only  one  infection 
exnerinent  fron  oats  to  oats  yielded  a  positive  result. 

4.  Puco^-dc  coronate  a  Collective  Soccfcs.  —  There 
is  no  doubt  that  in  this  soocles,  too,  there  is  a  specializa¬ 
tion  of  the  form  on  the  various  host  -plants  that  is  analog¬ 
ous  to  that  which  we  have  encountered  in  the  species  discussed 
earlier,  even  though  the  infection  experiments  on  which  a 
correct  differentiation  of  the  forms  must  be  based  are  much 
too  few  in  number  in  this  case  for  a  correct  differentiation 
of  forms  of  the  species  as  a  whole  to  be  done.  Meanwhile 
we  are  perhaps  justified  on  the  basis  of  the  experiments 
done  both  with  teloutospores  and  with  aecidiospores  as  well 
as  with  uredos  ores  in  assuming  for  the  time  being  the  fol¬ 
lowing  classification  of  the  forms; 

Scries  I.  Aeciulum  on  Riamnv;s  cathartics  (?Rh.  oleoides. 
Rh.  rrandifolia)  LPuccinia  coronifera  Xleb. Ti 

f.sp.  Avenae  or.  Avena  satj.vn  and  Lolium  perenne. 

f  .op.  Alorr  ciri  o:i  ' 1  ^nr^-vi; i  nrntf  re*  c. 

and  the  forms  on  Partner  .  t .  .r  and  Avonn.  rlatior. 

Series  II.  Aeeidiun  on  h-n'-un  >?p-nla  f Puccini ?■ 
corcpp^c.  I  iLLcb.j: 

the  forms  on  D-otvlin  ■r'lo-iorrte  .-mci  •’r-R uor  silvntica  (?  Pucc ♦ 
ribhero3a  Lagerhe-ici,  iV,±2<\ ) . 
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.j-orxoc  -  /.  v.ncse  ions  concern:.”'*  whoso  poomiclo  rela¬ 
tionship  to  any  of  oho  aforosortion^-d  or  oir.er  .-.hamnuo  species 
or  concerni;; ;  whose  possible  lack  o.  an  aecicivn  sea  ;c  we  know 
nothing  at  all  as  yet: 

f*  30.  0  '**'■  ~  0  r.  ^ 1  -r*r>  r*  o  "i  r  ov^ 

f.sp.  lb  .-lic-a  on  ■•.'olica  nn.tr  os  Jae'e "  "iioife  j 

[hots]  Concernin'  the  r.rcci -ili setior.  of  thir.  onccies  nccoriing  to 
the  latest  experioonts  of  1894  nee  3r  ikes  or.,  V,;-21.  — Lrte  note,  18  Sept.  1895 

e.  The  Fourth  Cer/?‘"v»tt  ors  o 


The  uredo  stage  of  too  f.uv-j;-  ho  very  nvio’rly  followed 
by  the  puccinin  stage.  Mclcen  ( .  V,v;.;.  found  in  1C74  that 
in  his  infection  orpori.m-vnts  with  the  urc  o  fro*.:  rye  grass  on 
oats  it  follower  14  days  after  the  .hafccwicn.  At  the  oxperi— 
Dental  field  the  puccir.ia  . a  go  was  ;A  vi  on  oats  in  the  field 
on  19  August  1390,  and  in  infection  number  3,  Tabic  49,  on  ?3 
October  lOj0,  PS  d rye  after  the  urc''o  infection,  and  on  A ~ros- 

tis  vul.~nr.lr;  in  the  cxperinchtcl  garden  on  PI  September  189?. 

» 

f.  The  Cycle  of  pave! onnent 


The  developmental  cycle  of  the  fungus,  according  to 
what  we  can  see  frora  the  facts  avail  able , should  correspond 
in  the  main  to  that  of  Puccbria  . — --ini  a  (cf .  page  107*  above 
[i.e.  in  the  original  v;orkj)~,  except  chat  the  name  P.hc^nvs 
must  be  substituted  for  that  of  Berber is .  Scattered  observa¬ 
tions  concerning  the  mere  or  less  abundant  occurrence  and 
even  at  times  the  almost  complete  absence  of  this  or  that 
spore  form  on  the  host  plants,  however,  make  it  probable  that 
the  developmental  cycle  of  the  forms  occurring  on  the  various 
species  of  grasses  nay  be  not  ir.sigr.i  iiccr.tly  different.  Thus 
Plowright  (VI, 165)  in  18S9  points  out  a  difference  between 
the  form  on  folium  noronne  and  mat  on  Bactylis  ml  or.  .rata, 
which  manifests  itself  in  the  2 ate  .ani  abundant  occurrenc ? 
of  the  uredo  stage  in  the  former  nm.  in  the  early  and  sc.  vty 
occurrence  of  it  in  the  latter,  v.’e  have  encountered  the  ''ora 
on  ihlicr.  rut  "nr.  almost  c'.tc'u.s  • vely  in  the  uredo  stage;  only 
once,  cn  13  November  1331,  hr m  ;:t  been  possible  to  find  the 
pucoinla  form,  in  that  instance  on  a  sheath  i. see  Bote].  In 
one  case,  too,  the  form  occurring  on  1. -ronfh  r.  vui  r  we.  3 

much  suppressed  in  the  nunc  .rj . t  _  .  oom;.  •  c  ■  a:-  of 

this  grass  that  wore  col  1  .•  d  on  .'*  •  ■-•■■p-.  ..ui.r  ].  .>•!.  »«-.-r 
Hras.’b  in  He  It  ingland  the  •  ev.uccu.oros  v.;rc  lrc'  in.g  on  near¬ 
ly  withered  leaves  which  wc  v-  - J.msst  completely  covered  with 
uredo  pustules. 

[Note]  Cn  f.r;r.  uflfg.  cf*  elm  ?r:k:.oon,  V,3?4.  — !•  V'  nur, 

10  oeptesaer  1895. 
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g.  The  Loc'^.:-J:Vn  tvr  ••  ~  -rcy-in  cornnntn. 

'/hen  the  form  on  ~n_  •••  ‘  -j-o  arrears  in  the  uredo 

sta-2  in  the  2u.-m-.cr,  it  citncr  forms  ;:,,re  or  lest  lcngthwl  se 

extended,  somewhat  eor.lencent  puctvlcc ,  un  to  9  nra  in  length 
(Figure  1?9  b),  or  else  the  pustules  ore  smaller,  2-3  can 
long,  and  more  scattered  (i'i  1 "  9  a),  they  y  occur  on 
both  sides  of  the  leaf,  but  moot  nur-rroucly  on  the  upner 
sioe,^  They  are  red-yellow  m  color,  most  closely  arprorch— 
-R/T  the ^yellow  rust  of  wh'.rt,  :  ie  uiffer  in  color  from,  the 
uredo  of  blacx  rust,  which  is  much  darker.  The  difference 

in  color  between  the  uredo  of  crcvr.  rust  and  that  of  block 

rust  comes  out  most  clearly  on  leaves  (Figure  1?9  a)  on  which 
both  are  present.  In  general  the  urodo  reaches  a  very  great 
expansion  on  the  leave  once  attacked  t>y  it,  since  it  takes 
up  the  greatest  part  of  the  blade  of  the  leaf.  Meanwhile 
the  puccim.a  stage  begins  to  aopear  as  r.  dark  ring  n—crir  d 
the  urodo  aaa  .:c.  This  rina,  v;  ,ich  at  firs  *  is  "vary"  ox, all 
(Figure  131  a),  gradually  enlarges,  its  color  changing  to  the 
purest  black  (Figure  131  c).  Under  the  magnifying  glass  it 
is  evident  that  the  dark  ring  consists  of  covered  puccinia 
pustules  (Figure  132).  These  spore  pustules  differ  from 
those  of  the  black  rust  in  being  covered  (Figure  131  b,  at  x) . 
Finally  no  yellow  uredo  is  visible  any  longer,  the  leaf  being 
densely  covered  with  scattored  black  spots  (Figure  131  d). 

It  is  a  striking  fact  that  the  fungus,  at  least  here 
in  Sweden,  appears  almost  solely  on  the  blade  of  the  leaf. 
Only  in  the  year  1890,  which  was  especially  favorable  to  the 
growth  of  the  crown  ru3t  on  oats,  were  there  a  few  cases  in 
which  it  appeared  as  open  uredo  pustules  on  the  inside  of 
thecal  valves. 

On  other  host  plants,  too,  this  rust  seems  to  occur 
either  solely  or  at  least  by  r reference  on  the  blade  of  the 
leaf.  Seldom  have  we  observed  rust  spots  on  other  part3  of 
the  plant ,  as  e.g.  on  sheaths  of  Af  o neev.rus  pratensi  s,  r-llca 
nutans,  and  Fentuca  olatdor.  or  ev«.n  on  stems  as  in  the  case 
of  Alopocurus  prator.si 3.  in  the  form  parasitic  on  Folic  \  the 
uredo  forms  more  or  less  densely  placed  yellow,  round  pus¬ 
tules,  with  a  diameter  of  0. 2-0.3  rr-m,  commonly  with  short, 
light  yellow  stripes  in  the  lengthwise  direction  of  the 
pustules.  A  ring  formation  of  teluutospore  groups  around 
the  uredo  pustules  hardly  occurs  in  the  spots  that  appear  on 
Calamagrostis  arundinacea  raid  A/:ror,tls  vulgaris  [see  Note]. 

[Note]  For  the  localization,  cf.  also  Klebnhn,  111,135,136,  and 
Plato  III.  —Lite  note,  18  Septeabcr  lb  j*.  . 

h.  The  Anatomical  st.ructu'-o 

1.  The  Uredo  Pustules.  —  In  the  oats  form  the  struc¬ 
ture  of  the  ureuo  pustules  seems  to  be  the  same  ao  in  the 
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cpccics  demerit  r\  t;:>  ?•!.?.  or,  and  h«:rc.  .■'•  us*: 'l  t  h c  cor.t' ruous 
nerves  (?i  ww-  130)  for:-  u  obstruct,  y;  v-.?l  t  •  t'l-io  nyoeli- 
i<a  cor.a  Tt  p  'irate .  I  t  cm  be  seen  fro  :  cross  soc  i.ionr,  that 

the  dp_mlrp  -  of  ""er'cznover  ?  ■  '<  ■  r\- t  : .,  •,  •  .•  central 

B1I112.  -  •■  •’-  - ' v_i _ u -~3  c  t  vs  *r .*  U  ; *v>  ~npr  -c  1  on  j  n  the 

P-vi  21 '  'r‘d-  r'  "•'-■•»  i'ae  u.'c^Copji  us  of  the  form  re wing  on 
oats  arc  spherical  or  sll  7ht.lv  c:irJer.c:c  toward  one  aide  and 
are  prickly  (?i~uro  130).  20 -3°  n  in  dir-otor,  or  i:'  elongat¬ 
ed,  28-32  x  20—24  )i.  For  ruv,p -.cos  of  co-.nnricon  1  no  uu  .peti¬ 
tion  here  that  "he  diaca.'.icm  o  f  tie  a  cores  arc  variously 


£»  ■  _ 
i  tie 

oporec 

are 

va 

ricusly 

2.19 )  ‘ 

;  r .  ^.,  4 

^  l>-  i  *  v-*. 

8  a 

ccr. 

rdo 

(1,673) 

accor 

fag  to 

Burril 

(I, 

.200) 

.2  to  f 

Johrctcr 

'  (I 

II, 

3^1  J 

1  IK 87, 

lowri 

:ht  (VI, 

16-: 

)  I 

so9 , 

,  70-23 

x  13-20  ji;  and  in'tly,  a—eriic  to  barrier  (11,231)  1891, 
in  the  fora  on  ?  n\  _v:  tj  0"~  20-24  x  Ji*  and 

in  the  fora  on  ___1  •  *  '22-3o  x  20-12  u. 


9  #  ri  •-  r»  •  v-i  o  v'  o  ^  ^ 

origin  of  the  yncoi rXa”"b :'° t  s"u’.'T.:i s 
Bolioy  (1,177)  in  1829  a:;  folio*.:::: 
tint  threads  r.oet  and  .ner  pe  to  pother  i: 
which  lie::  j  mediately  beneath  the  e 


' _7  f-grv-p  —  The 
n  ci.-.o  in  described  by 
-vcral  ordinary  myceli- 
.?n  intercellular  soace 
dorai r  and  is  f ;•  13 ed 


with  abundant  protoplasm.  ,Fro..:  the  upper  stratum  of  this 
spore-stora  'e  co.:*'-  rt.:.  .at  the  spores  er.nrjo  as  originally 
short,  thick  protuberances,  which  gradually  develop  into  thin- 
walled,  sack-likc-  bodies.  They  are  divided  quite  early  by  a 
partition  wall  into  a  lower  part  (the  stem)  and  an  upper  part 
(the  spore),  later  the  spore  i+self  divides  with  a  trans¬ 
verse  partition  approximated y  in  the  middle,  whereupon  its 
walls  become  thick  and  brown." 


V/hen  fully  developed  the  spores,  as  indeed  is  General¬ 
ly  reported  in  the  literature,  are  as  a  rule  covered  by  the 
epidermis  lying  above  them  (Figure  133  a) .  It  more  rarely 
happens  that  these  bunches  of  sport. s  fora  uncovered,  open 
pustulae,  as  in  black  rust.  Such  a  case  is  first  mentioned 
by  Barclay  (11,230)  in  1391  in  a  description  of  the  Indian 
forms  of  the  fungus.  Ke  says  that  the  form  occurring  on 
Braohyoodbur  ril^aticua  possesses  small,  point-like,  quite 
bare  bunches  of  teleutosporcs  on  the  upper  side  of  the  leaf, 
while  on  Pipt-ntfrrtm:i  holoiforae  ana  Tognncn  -t— .ton  they  are 
found  to  bo  linear  and  more  or  less  covered  ar.d  are  on  the 
under  side  of  the  leaf. 


At  the  experimental  field  open  puccinia  pustules  were 

observed  on  -  -rorr. on  the  r  .*  ..  i..o  of  ' '  ’c-ven  on 

19  October  lb.'?  which  were  ren  ;r;:I  * y  -.  out  °-5  rs  lory,  while 
the  spots  occur:- ir. 3  on  the  sheaths  v  "re  .—all,  covered,  al¬ 
most  point-like,  and  arranged  in  r. approxi:  r.t  -ly  ns  In 

Puccinia  On  loaves  ►*  ••  + : *•  '  ~  o :> : r»  *uc- 

cin-.a  pustules  wore  four,- .  t  tr  io32,  r  mi  '\>i  r. 
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sheath  of  F~T ;  r.”a- on  33  .’ivw.fc  :•  IC?1. 

Ordinarily  in  '.ho  dc-script ten  of  the  species  in  the 
relevant  literature  there  is  r:>  ...o:  then  cf  occurrence  of 

res.  or,  as  in  Ochr j'tcr  (III. 
?)  1  .  .is  is  at ^rxhutnrt  to  the 


324)  1237  end 
puccinia  form,  -v.; 
odd  that  at  the  c;:r 
served  in  the  T'orr. 


‘‘cenno  ( -  . 


rare,  v;hcro  troy 


Ln  vie-'  of  this  it  i3 

Lnient  .1  n-"-  . Vi  rv  en  ob— 

•.  oeeii—'*!  •-  •  on  ca:  s  ; .  Igwru  l,v  -s-TI  '"‘O  be 

n:^rcu'u»  ah’!  v.-igure  133  b)  they  did  not 


occur  on  quite  so  nary  places  in  the  groups  of  spores  as  in 
the  case  of  yellow  rust  or  brown  rust,  but  they  were  never¬ 
theless  numerous  enough  not  to  escape  notice, 


The  npore-rcr.erat ing  tycelim,  as  usual,  is  chiefly 
intercellular  (l'i  uses  133  a,  !;•-  a),  the  branches  numerous, 
intertwined  with  each  other  (?i??ire  '.31  b),  the  form  of  the 
adjacent  leaf  tissue  cells  being  quite  well  preserved.  There 
are  also  haustoria  inside  the  cell. 

It  has  already  been  mentioned  shove  that  Corda  (1,6) 
in  1837  wrote  that  his  then  new  species  Puccir.ia  corennta 
occurred  on  lumla  a  Ibid  a.  and  that  he  pictured  the  species 
with  sharp  prongs  on  the  crown.  But  since  no  such  form  has 
been  encountered  again  since,  we  nry  perhaps  be  justified  in 
the  assumption  that  Corda' 3  identification  of  the  host  plant 
was  incorrect  and  his  drawing  not  quite  true  to  nature .  In 
all  later  investigators,  e.g.  V/estendorp  (1,235.  Figure  2), 
1854;  Preuss  in  Sturm  (I,  Table  3  c).  1862;  Nielsen  (IV,  Fi¬ 
gures  11  and  14),  1875;  Frank  (1,457),  1380;  Sorauer  (I, 

Plate  IX,  Figure  3),  1836;  Brunchorst  (1,106,  Figure  16  b), 
1837;  Plowright  (VI,  Plate  IV.  Figure  3),  1839;  Barclay 
(I  II,  Plate  56,  Figures  8-13 1831.  and  Loverdo  (1,182, 
Figure  18),  1392,  the  prongs  cf  the  crown  are  described  and 
pic  cured  as  blunt,  just  as  in  our  Figures  135-137  on  Avena 
8ativa  and  Figure  143  on  Festwca  elatior. 

The  dimensions  of  the  teleutospores  according  to  Vin¬ 
ter  (1,219),  1830,  and  Saccardo  (1,623),  1883  are  35-60  x 
12-21  p;  according  to  Burril  (I, 200),  1385,  45-55  x  15-18  p; 
according  to  Schrdtcr  (111,324),  1387,  40-60  x  13-17  p;  ac¬ 
cording  to  Plowright  (VI, 164),  1889,  40-60  x  12-20  p;  and 
according  to  Barclay  (111,231),  1891,  in  the  form  on  Brachy- 
podiun  silvnticun  38-44  x  10-11  p  and  in  the  form  on  Pjpta- 
therun  holciforme  43-55  x  3-14  p.  At  the  experimental  field 
the  dimensions  were  as  follows: 
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Someth'  •-•c  -c:-.w  i:  ’  g  '  ;  .3 ft  r.  i  r.r  r 'iV  i  to 

from  the  econo:.. \e  point  of  vi»  v.  r'ro.m  Bomrrk,  g- 
Nielsen  (I7,5>3)  vriley  in  lu?s  that  in  .‘uniat  r.v 
of  the  two  previous  y-* nr  o  he  "rv.  seen  w 
looking  scorched  , "  and  upon  "closer  emmim  s:o. /' 
that  the  you*:  •  rye  ;;rr.so  plants  vers  so  infest-  0 
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that  the  you 


species  or  tuna  it  a v-evrea  as  if  tho  "rmss  were  com¬ 
pletely  with  treu .  "  — t  the  cone  tine  he  expross-'-s  th .-  view 

that  "no  other  species  of  rust  destroys  the  leaves  of  its 
host  plant  with  greater  rapidity"  than  the  crown  rust  of  rye 
£7*330.  Great  dr.nr.3e  to  the  runs  species  of  grass  in  Denmark 
was  later  mentioned  by  Rostrnp  (7,13) »  1835,~(VI,8),  1-336, 
and  (VIII, 5),  1333;  he  also  reports  the  peculiar  phenomenon 
that  in  the  three  years  (1834,  1335,  rnd  1857)  for  which  the 
reports  speak,  the  rye  grass  yro*-n  from,  Scotch  and  Irish 
seed  suffered  far  worse  than  t;....t  fro. :  Danish  seed,  even  where 
they  were  growing  side  by  side.  Thi  former  was  "heavily 
sprinkled  with  yellow  mat,"  sometimes  so  much  so  that  the 
boots  of  anyone  who  walked  across  the  field  become  "quite  red," 
while  the  latter  appeared  "fresh  and  greer."  or  only  "insig¬ 
nificantly"  infested  with  rust. 


Z.X  0,‘i" C..YC1  :^r 


II .  .  .  . 

I  l-< 


Hoary  damage  caused  in  Holstein,  by  this  species  of 
rust  on  oats  is  mentioned  (Freese,  1,748)  for  the  year  1891, 
when  he  says  that  the  advent  of  this  species  of  rust  was 
given  by  the  farmers  as  in  the  time  around  St.  Bartholomew's, 
24  August,  that  the  rust  caused  a  collapse  of  the  leaves  and 
stems,  —  ."Bartholomew  struck  down  the  oat3  with  his  club"  — 
and  that  the  weight  of  the  grain  was  thus  reduced  from  150 
pounds  per  Holstein  bushel  to  96  pounds.  As  shown  by  samples 
and  reports  oent  in  by  the  head  of  the  county  constabulary, 
Mr.  J.A.  Hansson,  heavy  damage  was  dene  by  this  species  of 
rust  to  the  oafs  in  the  T&nuno-karad  ir.  Bonus  county  about 
27  August  1390,  when  "almost  every  blade  of  oats  was  infested 
there  like  the  sample  sent  in."  2he  rust  docs  not  appear  to 
have  done  "any  noticeable  damage  to  the  kernels,"  as  we 
learn  from  a  later  letter  of  2  March  1391. 


A  varying  sensitivity  to  this  species  of  rust  in  vari¬ 
eties  of  oats  has  been  discussed  only  or.ee,  as  far  as  vie  know, 
namely  in  von  Sicvcrs  (1,361),  ir.  1337,  who  says  that  of 
numerous  varieties  of  oats  grown  by  i.'.m  only  one,  "the  Rus¬ 
sian  Orel  oats  grown  in  ANmershof , "  was  almost  immune .  All 
the  others  were  susceptible  to  about  the  same  degree.  At  the 
experimental  field  we  have  r.at  beer,  able  to  demonstrate  any 
varying  susceptibility  cf  individual  varieties  of  oats  to 
this  species  of  rust. 


50  - 


>  r* 


3.  Certributln^  (7-,0Ov  -.  --- ^r-  ~  _ 

Although  it  in  row  an  ur.uisrv.t  • f"cb  that  the  runt 
of  ;p*air.  in  prim"— idy  conditioned  by  the  rust  fun  :us  forms 
just  described ,  which  r.i-;:.  be  described  as  the  o?v-:"-l  or 
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io  pro cicely  these  causes  of  disease  that 
deserve  to  bo  given  preferential  consideration,  since  it 
depends  on  then  whether  a  year  becomes  a  rust  year  or  not. 
We  call  these 


or)  External  Contributing  Causes  of  Disease, 

Including  1)  the  location  and  drains "o,  ?)  the  physi¬ 
cal  nature  of  the  soil,  3)  trie  chemical  composition  of  the 
soil,  4)  the  previous  crop,  p)  the  time  of  planting,  6)  the 
way  the  planting  is  done,  7)  the  weather  conditions,  and 
8)  the  neighboring  vegetation. 


7.  The  Location  and  Prairie 

a.  Information  Ccrcernlns  the  Influence  of  the  location 

1.  A  Hi r~h  location  Effective  .‘mrir.st  Rusw .  —  From  the 
earliest  times  to  the  present  day  the  devastation  caused  by 
rust  has  been  related  to'  the  location  cf  the  fields,  general¬ 
ly  in  that  it  is  believed  that  rust  does  more  damage  in  damp, 
shady  places  than  elsewhere.  Such  beliefs  can  be  traced  back 
to  ancient  times.  Thus  Theophrastus  (371-286  B.C.)  mentions 
in  several  places  (I,  Book  8,  10;  II,  Book  4,  14)  that  rust 
affects  grain  in  high,  windy  places  inconsequentially  or  not 
at  all,  while  it  rages  in  valleys  and  wind -protected  loca¬ 
tions.  The  same  opinion  is  found  in  Pliny  (I,  Ch.  17,  S  154) 
at  the  beginning  of  our  era  (23-79  A.D.). 

In  agricultural  manuals  old  and  new,  including  that 
of  Arrhenius  (I, 61)  published  in  1883  we  encounter  the  same 
notion,  which  is  also  ...  in  several  writings  of  ... 


